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LIQUID CRYSTALAUGNMENT FILM AND METHOD FOR 
PRODUCING THE SAME, AND LIQUID CRYSTAL DISPLAY APPARATUS 
USING THE SAME AND METHOD FOR PRODUCING THE SAME 



Ttechnical Field 

The present invention relates to an image display apparatus employing 
liquid crystal and a method for producing such an image display apparatus* 

10 More specifically, the present invention relates to a Uquid crystal alignment film 
used for a flat display panel employing liqmd crystal for displaying images on 
television (TV) and computers or the hke, and a method for producing such a 
liquid crystal alignment film, and also relates to a liquid crystal display apparatus 
employing the same and a method for producing such a hqmd crystal display 

15 apparatus. 



BackgroimdArt 

Conventionally, an apparatus used as a color liquid crystal display panel 
generally includes liquid crystal that is injected between two sxibstrates provided 
20 with counter electrodes arranged in a matrix via a liquid crystal aligimient film 

formed by rotary-coating a polyvinyl alcohol or a polyimide solution with a spiimer 
or the like. 

For example, the following device was proposed. Tbin film transistor 
(TFT) arrays having pixel electrodes are formed on a first glass substrate 

25 beforehand. Aplurality of color filters of red, blue and green are formed on a 
second glass substrate, and common transpareiit electrodes are fiuHier formed 
thereon. The siu&oes provided with the respective electrodes are coated with a 
polyvinyl alcohol or a polyimide solution with a spiimer so as to form films. Then, 
rubbing is performed so as to form Uquid crystal ahgiunent films, and the 

30 substrates are opposed and attached to each other via spacers with an arbitrary 
gap. Thereafter, liquid crystal (twist nematic (TN) or the like) is injected 
therebetween so as to form a panel structure. Then, polarizing plates are 
provided on the &ont and the back of the paneL While the panel is irradiated 



1 



with back light fix)m the back side, TFIfe are operated- In this manner color 
images are displayed. 

However, in the conventional method for producing an aUgnment film, 
polyvinyl alcohol or pol5dmide is dissolved in an organic solvent and the resultant 
5 solution is applied by rotary-coating or the Uke. Then, rubbing is performed with 
a felt doth or the like. Therefore, there is a serious problem in that uniformity in 
the alignment film is poor in sur&ce step portions or for a large area panel (such 
as a 14 inch display). Moreover, sinoe rubbing is performed, defects are generated 
in the TFIb, and debris generated by rubbing causes defects in display. 

10 

Disdosure of Invention 

The present invention was carried out in order to solve the above- 
mentioned conventional problems, and thus has the object of providing a method 
for forming an alignment film used in a Uquid crystal display panel highly 
15 efl&dently, uniformly and thinly without performii^ a rubbii^ treatment as 

conventionally performed, and providing a method for producing a display panel 
employing the same. 

A fiirst liquid crystal alignment film of the present invention for achievii^ 
the object is characterized in that a silane-based surfactant havii^ linear carbon 
20 chains and Si is chemically adsorbed via a resin film sensitive to energy beams for 
generating functional groups containing active hydrogen by energy beam 
irradiation formed on a predetermined surfece of a substrate, and that the linear 
carbon chains are aligned in a specific direction. 

In the above-mentioned Uquid crystal alignment film, a film formed of the 
25 siurfectant is preferably fixed to an energy beam sensitive resin film via covalent 
bonds on the surface of the substrate in a striped pattern. Thus, a liquid crystal 
alignment film having excellent uniaxial alignment can be obtained. 

In the above-mentioned Uquid crystal aUgnment film, the fixed film 
formed of the surfeictant is preferably fixed to the energy beam sensitive resin film 
30 via a film having siloxane bonds. This is advantageoxis because peeling 
resistance, namely adhesiveness is improved. 

In the above-mentioned Uquid crystal aUgnment film, the silane-based 
surfisLctant is preferably a chlorosilane-based siurfectant containing a linear 
hydrocarbon group and a chlorosUyl group. As the silane-based surfectant, a 
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substance comprising a chlorosilyl group (SiCl), an alkoxysilyl group (SiOA, A 
represents an alkyl group), or an isocyanate silyl group (SiNCO) at the te rminal of 
the molecule can be used. Above all, when a chlorosilane-based surfactant is used, 
an alignment film covalently bonded to the substrate via siloxane bonds can be 
5 produced easily and efficiently. 

In the above-mentioned liquid crystal alignment film, a part of the 
hydrogen of the linear hydrocarbon group of the chlorosilane-based sur&ctant is 
preferably substituted with at least a fluorine atom. This is advantageous 
because the critical surfisice energy as the alignment film can be reduced, thereby 
10 improving a response performance of liquid ciystaL 

In the above-mentiohed liquid crystal alignment film, a plurality of 
chlorosilane-based siuiactants eadi havii^ a difierent molecular length are 
preferably mixed and used as the chlorosilane-based sur&ctant containing a linear 
hydrocarbon group and a chlorosilyl group. Thus, a film having concavities and 
15 convexities on the molecular level on its sur&ice can be formed, thxis obtaining a 
Uqmd crystal alignment film with which the alignment angle (pre-tilt an^e) of 
Uquid crystal can be controlled on the molecular leveL 

A second Uquid crystal alignment film of the present invention is a 
monomolecular film formed on a surGace of a siibstrate provided with desired 
20 electrodes. The moleciiles constituting liie film have a desired tilt, and are 
bonded and fixed to the sur&ce of the substrate at one end while being aligned 
imiformly in a specific direction. 

In the above-mentioned Uquid crystal alignment film, the desired tilt of 
the molecules is preferably formed by fixing the molecules constituting the film to 
25 the substrate by oovalent bonds, washing the molecules with an organic solvent, 
and tilting the substrate in a desired direction so as to drain off tiie solvent. 

In the above-mentioned Uquid crystal alignment film, the molecules 
constituting the film preferably contain carbon chains or siloxane bond chains. 
This is advantageous because the aUgnment property of the film can be improved. 
30 In the above-mentioned Uquid crystal aUgnment film, a carbon of a part of 

the carbon chain preferably has an optical activity. This is advantageous because 
the aUgnment property of the film can be improved by irradiation of Ught . 

In the above-mentioned Uquid crystal alignment film, the molecules 
constituting the film preferably have Si at both ends. This is advantageous 
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becaxise the film can be bonded to the siabstrate firmly. 

In the above-mentioned liquid crystal alignment film, the molecules 
constituting the film are preferably formed by mixing a plxirality of types of 
chemisorption molecules each having a different molecular length, and the fixed 
5 film preferably has concavities and convexities on the molecxdar length level 
This is advantageous because the tilt angle of liqxaid crystal can be controlled. 

A third hquid crystal aUgnment filTn of the present invention is a 
monomolecular filin formed on a sur&ce of a substrate provided with desired 
electrodes. The molebules constituting the AIt" have carbon chains or siloxane 

10 bondchains, and at least a part of the carbon chain or the siloxane bond ch^ 
contains at least a functional group for controlling a sur&ce enei^ of the film. 
The production of such a liquid crystal alignment film can provide an alignment 
film that has functions of controlling the critical sur&ce energy of the alignment 
film and th\xs controlling the pre-tilt angle of injected hquid crystal, and aligning 

15 the hquid crystal in an arbitrary direction, without performing conventional 
rubbing. 

In the above-mentioned hquid crystal al^nment film, a pluraUty of types 
of silane-based sur&ctants each having a different critical surfeice energy are 
preferably mixed and used as the molecules constituting the film, so as to control 

20 the fixed film to have a desired critical surfeice ener^ value. This is 
advantageous because the pre-tilt ai^e can be controlled. 

In the above-mentioned hquid crystal alignment film, the functional 
group for controlling the surface energy is at least one organic group selected fix^m 
the group consisting of a carbon trifluoride group (- CF3), a methyl group (- CH3), a 

25 vinyl group (- CH = CHg), an allyl group (- CH = CH-), an acetylene group (triple 
bonds of carbon - carbon), a phenyl group (- CgBy, an aryl group (- CeH4 -) , a 
halogen atom, an alkoxy group (- OR; R represents an alkyl group, preferably an 
alkyl group having one to three carbons), a cyano group (- CN), an amino group 
NH2), a hydroxyl group (- OH), a carbonyl group ( = CO), an ester group (- COO -) 

30 and a carboxyl group (- COOH). This makes it easy to control the critical sur&ce 
energy 

In the above-mentioned hquid crystal ahgnment film, the molecules 
constituting the film preferably contain Si at the terminals. This makes it very 
easy to fix the molecules to the sur&oe of the substrate. 
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In the above-mentLoned liqiiid crystal alignment film, the critical siir&ce 
energy of the film is preferably controlled to be a desired value between 15 mN/m 
to 56 mN/m. This makes it possible to control the pre-tilt ai^e of injected hquid 
crystal to be any an^e in the range fix>m 0 to 90 degrees. 
5 A fourth hquid crystal alignment film of the present invention is 

characterized in that a resin film transparent in the visible light range and having 
energy beam sensitive groups and thermoreactive groups is formed directly on 
electrodes or indirectly via an arbitrary thin film, and at least the energy beam 
sensitive groups are reacted and crosslinked. 
10 In the above-mentioned hquid crystal aligimient film, the eiiergy beam 

sensitive groups and the thermoreactive groups are preferably introduced as side 
chain groups in the resin film. 

In the above-mentioned hquid crystal aligiunent film, the energy beam 
sensitive groups, the thermoreactive groups and hydrocarbon groiq)s are 
15 preferably introduced as side chain groups in the resin film. 

In the above-mentioned hquid crystal alignment film, the sxirfece of the 
resin film preferably has striped concavities and convexities. 

In the above-mentioned hquid crystal alignment film, the thermoreactive 
groups are preferably reacted and crosslinked. 
20 In the above-mentioned hquid crystal alignment film, a substance 

represented by (formula 1) is preferably used as the resin film, 
(formula 1) 



25 



30 




[GMA] 



5 



Next, a method for producing the first liquid ciystal alignment film of the 
present invention includes the steps of applying and forming an energy beam 
sensitive resin film for generatii^ fimctional groups containing active hydrogen by 
energy beams directly or indirectly via an arbitrary thin film on a predetermined 
5 surfisiGe of a substrate provided with electrodes, irradiating the sur&oe of the resin 
film with energy beams in an arbitrary pattern, contacting the irradiated resin 
film with a chemisorption solution containing a silane-based surfoctant having 
linear carbon chains and Si groiq)s, washing the substrate with a solvent 
incapable of dissolving the resin film, thereby forming one layer of a 

10 monomolecidar film formed of the surfoctant selectively in the irradiated portion, 
and aligning and fixing the linear carbon chains in the surfoctant molecules. 

In the above-mentioned method, the energy beams are preferably at least 
one selected fix>m the group consisting of electron beams, Xrajrs and light with a 
wavelength of 100 nm to 1 ai ni. Above all, it is e^)ecially preferable to use 

15 ultraviolet rays. 

In the above-mentioned method, the chemisorption solution preferably 
contains at least a chlorosilane-based sin^ctant comprising a linear carbon chain 
and a chlorosilyl group and a solvent that causes no damage to the energy beam 
sensitive resin film. This is advantageous becaxise the imderlying photosensitive 

20 thin film cannot be injured. 

In the above-mentioned method, the energy beams are preferably at least 
one light selected from the group consisting of ultraviolet rays, visible ra5rs and 
infrared m}^, and the energy beam sensitive resin film is preferably a 
photosensitive resin film This makes it very easy to produce the hquid crystal 

25 alignment film. 

In the above-mentioned method, the photosensitive resin film is 
preferably a i)olymer film or a monomer film containing at least one organic group 
selected fix>m the group consisting of a group represented by (formula 2), a group 
represented by (formula 3) and a group represented by (formula 4). The use of 

30 these polymers is advantageous because idtraviolet rays can be used as the enei^ 
beams, 
(formula 2) 

Nn O 
11^ II 

-c-c- 
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(formula 4) 



(fbrmvila 3) ^ 

II I 

-C-0-N=C 
I 

HO 
I II 

-SOg -O-C-C-CH3 
10 I 

Furthermore, when a specific licpud crystal, for example nematic liquid 
oystal or ferroelectric liquid crystal, is inoorporated by bonding to a surfeictant to 
be adsorbed, an alignment film having an excellent alignment controllability can 
15 be obtained. 

In the above-mentioned method, a solvent including a carbon fluoride 
group is preferably used as a nonaqueoxis solvent. This is advantageous because 
the underlying photosensitive substrate cannot be injured 

A method for produdng the second liqxiid crystal alignment film of the 
20 present invention is a method for producing a monomolecular Uquid crystal 
aligrmient film including the steps of contacting a substrate provided with 
electrodes with a chemisorption solution so as to ca\ise a chemical reaction 
between molecules of a siirfiEictant in the adsorption solutipn and a sxirfeice of the 
substrate, thereby bonding and fixing the surfactant molecules to the sxufece of 
25 the substrate at one end, washing the substrate with an organic solvent, and 
tilting the substrate in a desired direction so as to drain off the solvent, thereby 
ali gning the fixed molecules in the direction in which the solvent was drained oK 

Preferably, the above-mentioned method fiirther includes the step of 
exposing the substrate to Ught polarized in a desired direction via a polarizing 
30 plate after the step of aligning the fixed molecxiles, so as to align the orientations of 
the svir&ctant molecxiles xmiformly in a specific direction at a desired tilt. 

In the above-mentioned method, a silane-based sur&ictant containing 
linear hydrocarbon groiq)s or siloxane bond chains and chlorosilyl groups, 
alkoxysilyl groups or isocyanate silyl groixps is preferably used as the siurfectant. 
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This makes it possible to produce a monomolecular liqviid crystal alignme nt film 
efficiently: 

In the above-mentioned method, a plurality of types'of silane-based 
sur£sLctants each havii^ a diJBFerent molecular length are mixed and used as the 
silane-based sur&ctant containing linear hydrocarbon groups or siloxane bond 
chains and cfalorosilyl groups, alkoxysilyl groups or isocyanate silyl groups. This 
is advantageous because the alignment angle of the adsorbed and fixed molecules, 
i.e., the pre-tilt angle of injected liqiiid crystal can be controlled. 

In the above-mentioned method* a carbon of a part of the hydrocarbon 
group preferably has an optical activity. This is advantageous because alignment 
can be controlled efficiently at the time of real^nment by irradiation of light. 

In the above-mentioned method, the hydrocarbon group or the siloxane 
bond chain preferably contains a halogen atom or a methyl group (-CHa), a phenyl 
group (-CgHg), a <yano group (-CN), a hydroxyl group ( ~OH), a carboxyl group (- 
COOH), an amino group (-NH2), or a carbon trifluoride group (-CF3) at the 
terminal. This makes it possible to control the sxirfeice energy of the film. 

In the above-mentioned method, the Ught that is xised for exposing is 
preferably light having at least one waveler^th selected fix)m the group consisting 
of 436 nm, 405 nm, 365 nm, 254 nm and 248 mn. Any hght can be used as the 
Ught for e3q)osvire, as long as the hght has a wavelength that can be absorbed by 
the film However, the light having the above-mentioned wavelength is 
advantageous because it can be absorbed by most films. 

In the above-mentioned method, a silane-based svirfectant containing 
linear hydrocarbon groups or siloxane bond chains and chlorosilyl groups or 
isocyanate silyl groups is preferably used as the sur&ctant, and a nonaqueoiis 
organic solvent containing no water is preferably xised as the washing organic 
solvent. The use of these is advantageotis in removing uiuieacted molecules of the 
sxu^actant completely. At this time, when a photosensitive reactive group such as 
a vinyl group (> C = C <), an acetylene bond group (a triple bond group of carbon — 
carbon) or the hke is incorporated into the linear hydrocarbon group or the 
siloxane bond ^Hain^ and the photosensitive group is allowed to react with Ught so 
as to be crossUnked or polymerized at the time of aligimient with lights the heat 
resistance of the obtained monomolecular film can be improved. 

In the above-mentioned method, a solvent containing an alkyl group, a 
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carbon fluoride group, a carbon chloride group or a siloxane group is preferably 
used as the nonaqueous organic solvent. The use of this solvent makes 
dehydration easy and thtis provides a high efficiency. 

In the above-mentioned method, it is preferable to form a film oontainiz]^ 
5 a large nxmiber of SiO groups before the step of fixing the surfectant molecules at 
one end, and then form a monomolecular film via this film. This makes it 
possible to obtain a film whose quality is ensxuied. 

A method for producing the tiiird liquid crystal aligimient film of the 
present invention includes the steps of oontactii^ a substrate provided with 

10 electrodes with a chemisorption solution produced by using a silane-based 

surfectant containing carbon chains or siloxane bond chains, at least a part of the 
carbon chain or the siloxane bond chain oontainii^ at least one fimctional groiq> 
for controlling a surfeoe energy of a formed film, thereby causing a chemical 
reaction between the surfe^ctant molecules in the adsorption solution and tiie 

15 surface of the substrate so as to bond and fix the surfectant molecules to the 
surfece of the substrate at one end. 

In the above-mentioned method, a silane-based surfectant conta inin g 
linear carbon chains or siloxane bond chains and chlorosilyl groups, aIkox3^yl 
groups or isocyanate silyl groups is preferably xised as the surfactant. 

20 In the above-mentioned method, a plurality of types of siUoon-based 

surfactants each having a different critical surface energy are preferably mixed 
and used as the surfectant. This makes it possible to control the critical surfece 
energy of the film more precisely. 

In the above-mentioned method, at least one organic group selected fix>m 

25 the group consisting of a carbon trifluoride group (- CF3), a methyl group (- CH3), a 
vinyl groiip (- CH = CH^, an allyl group (- CH = CH-), an acetylene group (triple 
bonds of carbon - carbon), a phenyl group (~ CgHg), an aryl group (- C6H4 ~ ), a 
halogen atom, an alkoxy group (- OR; R represents an alkyl group, preferably an 
alkyl group having one to three carbons), a cyano group (- CN), an amino group (- 

30 NH2), a hydroxyl group (- OH), a carbonyl group ( = CO), an ester group (- COO -) 
and a carboxyl group (- COOH ) is preferably incorporated into the carbon chain or 
the sUoxanelx)nd chain at its terminal, principal chain or side chain. Thisalso 
makes it possible to control the critical surface enei^ of the film more precisely. 
Preferably, the above-mentioned method fiuther includes the steps of 
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washing the substrate with an organic solvent after the step of bonding and fixing 
the surfisictant molecules to the surface of the substrate at one end, and tilting the 
substrate in a desired direction so as to drain off tlie solvent, thereby aligning the 
fixed molecules in the direction in which the solvent was drained off. This makes 
5 it possible to control the tilt angle of injected liquid crystal. 

Preferably, the above-mentioned method fiirther includes the step of 
e:q>osiiig the substrate to light throu^ a polarizing film after the step of alig n i n g 
the molecules, so as to realign the molecules in a desired direction. This makes it 
possible to improve alignment performance. 

10 In the above-mentioned method, a silane-based sur&ctant containing 

linear carbon chains or siloxane bond chains and chlorosilyl groiq)S or isocyanate 
silyl groups is preferably used as the sur&ictant^ and a nonaqueous oi^anic solvent 
containing no water is preferably used as the washing organic solvent. This 
makes it i>ossible to provide a monomolecular liqmd crystal alignment film having 

15 fewer defects. 

At this time, it is advantageous in draining off a solvent to use a solvent 
containing an alkyl group, a carbon fluoride group, a carbon chloride group or a 
siloxane group as the nonaqueoxis organic solvent. 

In the above-mentioned method, it is preferable to perform the step of 

20 forming a film containing a large number of SiO groups before the step of fixing 

the surfectant molecules at one end, and then form a monomolecular Uquid crystal 
film via this film. This makes it i>ossible to provide a monomolecular alignment 
film having a higher density. 

A method for producing the foiuth liquid crystal alignment film of the 

25 present invention includes the steps of applyir^ and forming a resin film 

transparent in a visible light range and having energy beam sensitive groups and 
thermoreactive groups on a predetermined surface of a substrate provided with 
electrodes directly or indirectly via an arbitrary thin film, and at least irradiating 
the resin film with energy beams through an arbitrary mask so as to react and 

30 crosslink the energy beam sensitive groups. 

The above-mentioned method preferably includes the steps of applying 
and forming a resin film transparent in a visible light range and having energy 
beam sensitive groups and thermoreactive groups on a predetermined surfece of a 
substrate provided with electrodes directly or indirectiy via an arbitrary thin film, 
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and at least irradiating the resin film with energy beams through an arbitrary 
mask so as to react and crosslink the energy beam sensitive groups. 

In the above-mentioned method, the step of reacting and crossUnking the 
thermoreactive groups by heating is preferably added before or after the step of 
5 reacting and crosslinking the enei^ beam sensitive groups. 

In the above-mentioned method, the energy beam sensitive groups are 
preferably photosensitive groups, and the resin film is preferably irradiated with 
ultraviolet rays through a mask so that the photosensitive groups in the resin film 
react not only to crosslink between principal chains but also to align and fix side 
10 diain groups. 

In the above-mentioned method, a polarizing film or a diffraction grating 
is preferably used as the mask for exposure. 

In the above-mentioned method, in the step of e^qxisure, the resin film is 
preferably exposed to light to an extent that concavities and convexities are 
15 generated on the surfeice thereof. 

Next, a first hquid crystal display apparatus of the present invention 
includes a pair of substrates, electrodes and alignment films, the electrodes being 
formed on surfaces of substrates, the ahgnment films being formed thereon, Uquid 
crystal beii^ interposed between the coimter electrodes on the two substrates via 
20 the alignment films. At least one ahgnment film is a fihn in whidi a silane-based 
sxirfsictant having a hnear carbon chain is chemically adsorbed via an energy 
beam sensitive film for generating a functional group containing active hydrogen 
by irradiation of energy beams, and the linear carbon chains are aligned in a 
specific direction. 

25 A second Hquid crystal display apparatus of the present invention has a 

structure where a film is formed as an al^nment film for liquid crystal directly on 
the svirfiace provided with electrodes on at least one substrate of two substrates 
provided with counter electrodes or indirectly via another film. The film is a 
monomolecular film formed of a silane-based sur&ctant having linear carbon 

30 chains or siloxane bond chains, and the molecules constituting the film have a 
desired tilt and are bonded and fixed to the surfeioe of the substrate at one end 
while being aligned xmiformly in a specific direction. Liqmd crystal is interposed 
between the oo\mter electrodes on the two substrates via the alignme nt film. 
In the above-mentioned Uquid crystal display apparatus, the film is 
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preferably formed on each of the sur&oes of the two sxibstrates provided with the 
ooiinter electrodes as the alignment film. This is advantageous in improving an 
alignment regulation force on the injected liquid crystal. 

In the above-mentioned liquid crystal display apparatus, the film on the 
5 surface of the substrate preferably comprises a plxurality of pattemed sections each 
having a different alignment direction. This makes it possible to provide a Uquid 
crystal display apparatus having multi-domain al^nment easily. 

The above-mentioned Uquid crj^tal display apparatus is preferably used 
in an IPS system (an inplane switch system or a lateral driving system) where the 
10 counter electrodes are formed on a sur&oe of one substrate. This is advantageous 
because the viewing ang^e can be significant^ improved. 

A third Uquid crystal display apparatus of the present invention has a 
f?tni<^ire wb^^rft a filif" ^« fnrmAH as ATI flli gnnift Tit film <hr liquid ciyfltol direct^ on 
the sxu:£gioe provided with electrodes on at least one substrate of the two substrates 
15 provided with coimter electrodes or indirectly via another film. The film is 

constituted by molecules containing carbon chains or siloxane bond chains, a part 
of the carbon chain or the siloxane bond chain containing at least one functional 
group for controlling a surjEace energy of the film. liquid crystal is interposed 
between the counter electrodes on the two substrates via the alignment film. 
20 This makes it possible to provide a Uquid crystal display apparatus in which the 
critical surfeioe energy of the aUgnment film is controlled, the pre-tilt angle of the 
injected Uquid crystal is oontroUed, and the Uquid crystal is aligned in an arbitrary 
direction, without performing conventional rubbing. 

In the above-mentioned Uquid crystal display apparatus, when the film is 
25 formed on each of the surfeices of the two substrates provided with the coimter 
electrodes as the alignment film, it is possible to provide a Uquid crystal display 
apparatus having a higher contrast. 

In the above-mentioned Uquid crystal display apparatus, it is 
advantageous to form a pluraUty of pattemed sections each having a different 
30 aUgiunent direction in the filin on the surfece of the substrate, because the display 
viewing angle can be s^nificandy improved. 

The above-mentioned Uquid crystal display apparatus can be used as a 
display device of an irq)lane switch (TPS) type where the cotinter electrodes are 
formed on a siurfece of one substrate. 
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A fourth liquid crystal display apparatus of the present invention has a 
structvire where a resin film transparent in a visible light range and having energy 
beam sensitive groups and thennoreactive groups is formed directly on electrodes 
or indirectly via an arbitrary thin film, and at least the energy beam sensitive 
groups are reacted and crosslinked. The thus obtained liquid crystal ahgnment 
film is formed on electrodes on at least one siibstrate of coimter electrodes, 
liquid crystal is interposed between the counter electrodes on the two substrates 
via the resin film. 

Next, a method for producing a first Hquid crystal dispk^r apparatus of the 
present invention includes the steps of applying and fo rming an enei^ beam 
sensitive resin film for generating functional groups containing active hydrogen by 
energy beams directly or indirectly via an arbitrary thin film on a first substrate 
including first electrode arrays arranged in a matrix beforehand, irra diatin g the 
sur£Eice of the resin film with energy beams in an arbitrary pattern, contacting the 
siibstrate with the irradiated resin film with a chemisorption solution containing a 
silane-based surfeictant having linear carbon chains and Si, washing the substrate 
with a solvent incapable of dissolving the resin film, thereby formiag one layer of a 
monomolecxdar film formed of the surfactant selectively in the irradiated portion, 
and ahgning and fixing the linear carbon chains, attaching the first substrate 
including the first electrode arrays to a second substrate including second 
electrodes or electrode arrays so that the respective electrodes are coimtered with 
a predetermined gap, and injecting predetermined hquid crystal between the first 
substrate and the second substrate. 

A method for producing a second hquid crystal display apparatus includes 
the steps of contacting a first substrate including first electrode arrays arranged in 
a matrix beforehand with a chemisorption solution directly or after forming an 
arbitrary thin film so as to cause a chemical reaction between the surfisictant 
molecvdes in the adsorption solution and the siurfeice of the substrate, thereby 
bonding and fixing the sur&ctant molecules to the svirfiace of the substrate at one 
end, washing the substrate with an organic solvent, tilting the substrate in a 
desired direction so as to drain the solvent oflf the substrate, thereby a li g ning the 
fixed molecules in the direction in which the solvent is drained oflt exposing the 
siibstrate to light polarized in a desired direction via a polarizing plate so as to 
align the orientations of the sxirfactant molecules uniformly in a specific direction 
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at a desired tilt, attaching the first stibstrate including the first electixxles to a 
second substrate or a second substrate including second electrodes or electrode 
arrays so that the fiices provided with the electrodes are faang inward with a 
predetermined gap, and injecting predetermined liquid crystal between the first 
substrate and the second substrate. 

In the above-mentioned method, in the step of exposing the substrate to 
light polarized in a desired direction via a polarizing plate so as to align the 
orientations of the bonded sxu&^ctant molecules imifbrmly in a specific direction at 
a desired tilt, it is preferable to repeat the step of e3q>osure with a patterned mask 
disposed on the polari2dng plate several times, because this can provide a liquid 
crystal display apparatus having so-called multi-domain alignment where a 
plurality of patterned sections each having a difiEerent alignment direction are 
formed on one face of the alignment film. 

A method for produdi^ a third Uquid crystal display apparatus of the 
present invention includes the steps of contacting a first sxibstrate including first 
electrodes arranged in a matrix beforehand with a chemisorption solution direcdy 
or after forming an arbitrary thin film, the chemisorption solution being produced 
by using a silane-based surfactant containing carbon chains or sHoxane bond 
chains, at least a part of the carbon chain or the siloxane bond chain containing at 
least one functional group for controlling a surfiace energy of a formed film, so as to 
cause a chemical reaction between the surfactant molecules in the adsorption 
solution and the sxirface of the substrate, tiiereby bondtog and fixing the 
surfactant molecules to the surfece of the substrate at one end, washing the 
substrate with an organic solvent, tilting the substrate in a desired direction so as 
to drain the solvent off the svibstrate, thereby aligning the fixed molecules in the 
direction in whidi the solvent is drained ofl^ attaching the first substrate including 
the first electrode arrays to a second substrate or a second substrate including 
second electrodes or electrode arrays so that the faces pix)vided with the electrodes 
are dicing inward with a predetermined gap, and injecting predetermined liquid 
crystal between the first substrate and the second substrate. This method makes 
it possible to produce a hqvdd crystal display apparatus effidentiy 

In the above-mentioned method, it is preferable to perform the further 
step of e3qx)siDg the sxibstrate to lig^t polarized in a desired direction via a 
polarizing plate so as to align the orientations of the sur&ctant molecules 
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uniformly in a specific direction at a desired tilt after the step of alignin g the fixed 
molecules. This makes it possible to realize a Hquid crystal display apparatus 
having excellent al^nment characteristics. 

In the above-mentioned method, in the step of exposing the substrate to 
light polarized in a desired direction via a polarizing plate so as to align the 
orientations of the bonded sur&ctant molecules imiformly in a specific direction at 
a desired tilt, it is preferable to repeat the step of e3q)OSure with a patterned mask 
disposed on the polarizing plate several times so as to form a plurality of patterned 
sections each having a different alignment direction on one feice of the alignm ent 
film^ because this can provide a Uquid crystal display apparatus having multi- 
domain alignment. 

Amethod for producing a foxirth liquid crystal display apparatus of the 
present invention includes the steps of applying and fo rmin g a resin film 
transparent in a visible light range and haviag energy beam sensitive groups and 
thermoreactive groups directly or indirectiy via an arbitrary thin film on a first 
substrate including first electrode arrays arranged in a matrix, at least irradiating 
the resin film with energy beams through an arbitrary mask so as to react and 
crosslink the energy beam sensitive groups, attachir^ the first substrate including 
the first electrode arrays to a second substrate including second electrodes or 
electrode arrays opposed to the first electrode arrays so that the respective faces 
provided with the electrodes are opposed to each other, and injecting 
predetermined hquid crystal between the first substrate and the second siibstrate. 

Brief Description of Drawings 

Figure 1 is a schematic cross-sectional view for illustrating an exposure 
process in producing a Uquid crystal ahgnment film in Ebcample 1 of the present 
invention. 

Figure 2 is a schematic view of portion A in Figure 1 enlarged to a 
molecular level showing a -COOH group portion formed on a surfiaoe of a 
substrate by exposure. 

Figure 3 is a schematic view of portion A in Figure 1 enlarged to a 
molecular level showing a UpophiUc sxirface portion in which a chemisorption fihn 
is formed. 

Figure 4 is a sdiematic cross-sectional view showing the orientation state 
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of liquid crystals in a liquid crystal cell produced by using a liquid crystal 
alignment film produced in Example 1 of the present invention. 

Figure 5 is a schematic cross-sectional view for illustrating an exposure 
process in producing a hquid crystal aligrmient film in Example 2 of the present 
5 invention. 

Figure 6 is a schematic view of portion B in Figure 5 enlai^d to a 
molecular level showing a -CXDOH group portion formed on a surEeioe of a 
substrate by exposure. 

Figure 7 is a schematic view of portion B in Figure 5 enlarged to a 
10 molecular level showing a lipophilic surface portion in which a chemisorption film 
is formed. 

Figure 8 is a view for illustrating a process for generating carbo^l groups 
newly by a second exposxure in Example 3 of the present invention. 

F^ure 9 is a schematic cross-sectional view of a liquid crystal alignment 
15 film for illustrating a state where two types of chemisorption films each having a 
different aligmnent direction are formed in Example 3. 

Figure 10 is a schematic cross-sectional view enlarged to a molecular level 
for illustrating a state where a siloxane monomolecular film is formed in Example 
4 of the present invention. 
20 F^ure 11 is a schematic cross-sectional view for illustrating production of 

a Uquid crystal display apparatus in Example 4 of the present invention. 

F^ttte 12 is a sdiematic cross-sectional view for illustrating a 
chemisorption process performed for produdi^ a monomolecular Hquid crystal 
aligiunent film in Example 5 of the present invention. 
25 Figure 13 is a schematic cross-sectional view for illvistrating a washing 

process in producing a monomolecular Uquid crystal alignment film in Example 5 
of the present invention. 

Figure 14 is a schematic view of a cross section enlarged to a molecular 
level for illustrating a molecular orientation state in a monomolecular liquid 
30 crystal alignment film after washing with a solvent in Example 5 of the present 
invention. 

Figure 15 is a schematic view of an exposure process performed for 
reahgning adsorbed molecides by light exposure in Example 6 of the present 
invention. 
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Figure 16 is a schematic view for iUxistratmg a molecular orientation state 
in a monomolecular liquid crystal alignment film after alignment with light in 
Example 6 of the present invention. 

Figure 17 is a schematic view of a cross section enlarged to a molecular 
level for illustrating a molecular orientation state of a monomolecxilar 
chemisorption film after alignment with light in Example 6 of the present 
invention. 

Figure 18 is a schematic cross-sectional view enlarged to a molecular level 
for illustrating a state (before a reaction with moisture in the air) where a 
chlorosilane monomolecular film is formed in Example 8 of the present invention. 

Figure 19 is a schematic cross-sectional view enlarged to a molecvdar level 
for illustrating a state where a siloxane monomolecular film is formed in Example 
8 of the present invention. 

Figure 20 is a schematic cross-sectional view for illustrating production of 
a liquid crystal display apparatus in Example 9 of the present invention. 

Figure 21 shows an absorption spectnmi of FTIR measured in a direction 
perpendicular to a lifting direction in Example 11 of the present invention. 

Figure 22 shows an absorption spectnmi of FTIR measured in a direction 
parallel to the lifting direction in Example 11 of the present invention. 

F^xire 23 is a schematic cross-sectional view for illustrating a 
chemisorption process performed for producing a monomolecxUar liquid crystal 
ahgimient film ia Elxample 12 of the present invention. 

Figure 24 is a schematic cross-sectional view for iUxistrating a washing 
process in producing a monomolecular hquid crystal aligimi&nt film in Example 12 
of the present invention. 

Figure 25 is a schematic view of a cross section enlarged to a molecular 
level for illustrating a molecular orientation state in a monomolecular liquid 
crystal al^rmient film after washing with a solvent in Example 12 of the present 
invention. 

Figure 26 is a schematic view of an exposture process performed for 
realigning adsorbed molecules by light exposure in Example 12 of the present 
invention. 

Figure 27 is a schematic view for illustratix^ a molecular orientation state 
in a monomolecular Uqtdd aystal aligimient film after aligimient with 1^ 
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Example 12 of the present invention. 

Figure 28 is a schematic view of the a cross section enlarged to a 
molecular level for illustrating a molecular orientation state of a monomolecular 
diemisorption film after alignment with light in Ebcample 12 of the present 
5 invention. 

F^ure 29 is a schematic cross-sectional view; enlarged to a molecular level 
for illustrating a state (before a reaction with moisture in the air) where a 
chlorosUane monomolecular film is formed in Ebcample 13 of the present invention. 

Figure 30 is a schematic cross-sectional view enlargied to a molecular level 
10 for illustrating a state where a siloxane monomolecular film is formed in Example 
13 of the present invention. 

Figure 31 is a schematic cross-sectional view for illustrating production of 
a Uquid crystal display apparatus in Example 14 of the present invention. 

Figure 32 is a cross-sectional view showing processes for producing a 
15 Uquid crystal alignment film in Example 18 of the present invention. 

Figure 33 is a view showix^ spectral sensitivity characteristics of a 
photosensitive and thermosetting resin in a liquid crystal alignment film in 
Example 18 of the present invention. 

F^ure 34 is a cross-sectional view of a Uquid crystal display device in 
20 Example 19 of the present invention. 

Best Mode for Carrying Out the Invention 

A first Uquid crystal alignment film of one embodiment of the present 
invention is produced by a method comprising the steps of applying and forming 

25 an energy beam sensitive resin film for generating fimctional groups containing 
active hydrogen by energy beams directiy or indirectly via an arbitrary thin film 
on a predetermined portion on a surface of a substrate provided with electrodes, 
irradiating the surfeice of the resin film with energy beams in an arbitrary pattern, 
contacting the irradiated resin film with a chemisorption solution containing a 

30 silane-based surfoctant having Unear carbon chains and Si groups, washing the 

resin film with a solvent incapable of dissolving the resin film, thereby formii^ one 
layer of a monomolecular film formed of the stirfeictant selectively in the irradiated 
portion, and aUgning and fixing the linear carbon chains in the surfoctant 
molecules. 
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Furthermore, a first liquid crystal display apparatus of one embodiment 
of the present invention is produced by a method comprising the steps of applying 
and forming an energy beam sensitive resin filni for generatii^ functional groups 
containii^ active hydrogen by energy beams directly or indirectly via an arbitrary 
5 thin film on a first substrate including first electrodes arranged in a matrix 
beforehand, irradiating the sur&ce of the resin film with energy beams in an 
arbitrary pattern, oontactii^ the substrate with the irradiated resin film with a 
chemisorption solution containing a silane-based sur&ctant having linear carbon 
chains and Si, washing the substrate with a solvent incapable of dissolving the 

10 resin film, thereby forming one layer ofamonomolecular film formed of the 

sur&ctant selectively in the irradiated portion, and aligning and fixing the linear 
Off rbnn <*h^ing, af±arliiTig thft first suhstrate including the fibrst electrodes to a 
second substrate including second electrodes or electrode arrajrs so that the 
respective electrodes are opposed with a predetermined gap, and injecting 

15 predetermined Uquid crystal between the first substrate and the second substrate. 

A second liqviid crystal aligimient film of one embodiment of the present 
invention is produced by a method comprising at least the steps of contacting a 
substrate provided with electrodes with a chemisorption solution so as to cause a 
chemical reaction between the surfactant molecules in the adsorption solution and 

20 the surfeice of the substrate, thereby bonding and fixing the sxnfectant molecules 
to the surface of the substrate at one end, washing the substrate with an organic 
solvent, tilting the substrate in a desired direction so as to drain off the solvent, 
thereby firstiy alig ning the fixed molecules ia the direction in which the solvent is 
drained oft and exposing the substrate to U^t polarized in a desired direction via 

25 a polarizing plate so as to align the orientations of the siurfiactant moleciiles 
uniformly in a specific direction at a desired tilt. 

Furthermore, a second Uquid crystal display apparatus of one 
embodiment of the present invention is produced by a method comprising at least 
the steps of contacting a first substrate including first electrodes arranged in a 

30 matrix beforehand with a chemisorption solution directly or b&bt forming an 
arbitrary thin film so as to cause a chemical reaction between the sur&ctant 
molecules in the adsorption solution and the sur&ce of the substrate, thereby 
bonding and fixing the surfactant molecules to the surface of the substrate at one 
end, washing the substrate with an organic solvent, tilting the substrate in a 
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desired direction so as to drain the solvent off the substrate, thereby alignin g the 
fixed molecules in the direction in which the solvent is drained off^ e:q)Osing the 
substrate to light polarized in a desired direction via a polarizing plate so as to 
align the orientations of the sur£sictant molecules uniformly in a specific direction 
at a desired tilt, attachic^ the first substrate including the first electrode arrays to 
a second substrate or a second substrate indudii^ second electrodes or electrode 
arrays so that the feces provided with the electrodes are fitdng inward with a 
predetermined gap, and injecting predetermined liqxiid crystal between the first 
substrate and the second substrate. 

A third liquid crystal alignment film of one embodiment of the present 
invention is produced by a method oomprisii% at least the steps of contacting a 
substrate provided with electrodes with a chemisorption solution produced by 
using a sOane-based sur&ctant containing carbon chains or siloxane bond chains, 
at least a part of the carbon diain or the siloxane bond chain cont ainin g at least 
one functional group for controlling a surfeice energy of a formed film, thereby 
causing a chemical reaction between the surfeictant molecules in the adsorption 
solution and the sin^ace of the substrate so as to bond and fix the siirfectant 
molecules to the smrfeioe of the substrate at one end. 

Furthermore, a third liquid crystal display apparatus of one embodiment 
of the present invention is produced by a method comprising at least the steps of 
contacting a first substrate including first electrode arrays arrai^d in a matrix 
beforehand with a chemisorption solution directiy or after forming an arbitrary 
thin film, the chemisorption solution being produced by using a silane-based 
surfactant containing a carbon chain or a siloxane bond chain, at least a part of the 
carbon chain or the siloxane bond chain conta in ing at least one functional group 
for controlling a sxarfece enei^ of a formed film, so as to cause a chemical reaction 
between the surfeictant molecules in the adsorption solution and the sur&oe of the 
substrate, thereby bonding and fixing the surfactant molecules to the surface of 
the substrate at one end, washing the substrate with an organic solvent, tilting the 
substrate in a desired direction so as to drain off the solvent, thereby aligning the 
fixed molecvdes in the direction in which the solvent is drained off^ attaching the 
first siibstrate including the fiorst electrode arrays to a second substrate or a second 
substrate including second electrodes or electrode arrays so that the faces provided 
with the electrodes are fiadng inward with a predetermined gap, and injecting 
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predetermined liqtiid crystal between the first substrate and the second substrate. 

A fourth liquid crystal aligmnent film of one embodiment of the present 
invention will be generally described below. 

First, a resin film transparent in a visible light range and having enei^ 
5 beam sensitive groups and thermoreactive groups is applied and formed on a 

predetermined sur&ce of a substrate provided with electrodes directly or indirectly 
via an arbitrary thin film. Next, the substrate with the resin film is irradiated 
withenergy beams through an arbitrary mask so as to react and crosslink the 
energy beam sensitive groups. 
10 At this time, if the energy beam sensitive groups are photosensitive 

groups, and the step of irradiatuig the film with light through a mask so as to react 
the photosensitive grottps in the film not only to crosslink between principal chains 
but also to ^lign and fix side chain groups is included, rubbing is not reqtured as 
performed conventionally and an ordinary exposure apparatus can be used, tihus 
15 simplifying the production process of the liqviid crystal alignment film. 

Furthermore, when the resin film was irradiated with light through a 
polarizing film or a diffraction grating as a mask, a liquid crystal aligmnent film 
having striped convexities and concavities was produced eflBdently. 

At this time, when exposure was performed obliquely through a po l arizi n g 
20 film or a diffraction grating, or exposure is performed through a polarizing film 
and then exposure is performed obhquely through a diffraction grating, or 
exposure is performed throt^ a dififraction grating and then exposure is 
performed obliquely throv^h a polarizing film, a Uquid crystal alignment film 
capable of controlling the pre-tilt angle of the interposed Uquid crystal as well was 
25 produced. In the process of exposure via the diffraction grating, it was important 
to e3q>ose the photosensitive film to light to an extent that convexities and 
concavities are generated on the surfoce thereof in order to stabilize the alignment. 

Furthermore, when heat is apphed so as to react the thermoreactive 
groups before or afi^r radiating energy beams so as to crosslink the energy beam 
30 sensitive groups, the heat resistance of the al^imient of the liquid crystal was 
improved. Electron beams, X rays, or ultraviolet rays are usable as the energy 
beams, but ultraviolet rays provided higher practicability. 

It is hi^ily advantageous in produdng a liquid crystal alignment film to 
use a substance represented by (formula 1) as the resin transparent in a visible 
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light range and having energy beara sensitive groups and thermoreactive groups, 
because the substance has a high ultraviolet ray sensitivity, and a thermal 
crosslinking reaction also can be utilized. 

In formula 1, energy beam sensitive benzalacetophenone groups and 
5 thermoreactive glyddyl groups are introduced as side chain groups, and 
hydrocarbon groups (-CH3) are further introduced as side chain groups. 
Therefore, compared with substances containing no hydrocarbon groups as side 
chain groups, the substance represented by (formula 1) provided an unproved 
alignment stability. Furthermore, in this case, it was important to expose the 

10 transparent resin film to light to an extent that convexities and concavities in the 
range fix)m 1 to 100 nm were generated on Uie sur&oe thereof in order to improve 
the alignment stabiUty of the liqxiid ciystaL 

By using the above-mentioned methods, a resin film transparent in a 
visible Hght range and having energy beam sensitive groups and thermoreactive 

15 groups was formed directiy on electrodes or indirectly via an arbitrary thin film, 
and a rubbing-free UquLd crystal alignment film formed of a film obtained at least 
by reacting the energy beam sensitive groups was produced by a remarkably 
simple method. 

The fotirth Uquid crystal display apparatus of one embodiment of the 
20 present invention was produced by a method comprising the steps of applying and 
forming a resin film transparent in a visible Ught range and having energy beam 
sensitive groups and thermoreactive groups directiy or indirectiy via an arbitrary 
thin film on a first substrate indudii^ first electrodes arranged in a matrix 
beforehand, at least irradiating the resin film with energy beams through an 
25 arbitrary mask so as to react and crosslink the energy beam sensitive groups, 
attaching the first substrate including the first electrodes to a second substrate 
including second electrodes or electrode arrays opposed to the first electrode arrays 
so that the respective faces provided with the electrodes are opposed to each other, 
and injecting predetermined Hquid crystal between the first substrate and the 
30 second substrate. By the above-mentioned method, a resin film transparent in a 
visible hght range and having energy beam sensitive groups and thermoreactive 
groups was formed, and the film was at least irradiated with energy beams 
through an arbitrary mask so as to react and crosslink the energy beam sensitive 
groups. The thus obtained film was formed on electrodes on at least one 
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substrate of the counter electrodes on the two substrates as an alignme nt fihn for 
liquid crystaL Thus, a liquid aystal display apparatus having a structure in 
which liquid crystal is interposed between the counter electrodes on the two 
substrates via the film was produced with remarkably high efl&dency. 
5 The present invention will be specifically described by way of examples. 

(Example 1) 

First, as shown in Figure 1, an energy beam sensitive resin ( a 
photosensitive resin in this example) was applied onto a sur&ce of a glass 
substrate 1 provided with transparent electrodes. In this example, a positive 

10 resist mainly composed of a novolak resin and compris in g a naphthoquinone 

diazido-based photosensitizer containing the group represented by (formula 2) (e.g., 
OFPR800 or OFPR5000 manufectured by Tbkyo Ohka Kogyo Co., Ltd. or AZ1400 
or AZ5200 manufectured by SHIPLEY, or a monomolecular film formed of 
monomers oontainii^ naphthoquinone diazidb groups can be used) was used as 

15 the energy beam sensitive resin. The resin was applied to a thickness of 0.1 to 0.2 
II m and dried so as to form a photosensitive film 2. Next, using a mask 3 having 
a desired pattern, the film was e3q)osed to ultraviolet rays (365 nm) at about 100 
mJ/cm^. Then, moisture in the air and the resist reacted and the reaction 
represented by (formula 5) below proceeded in an exposed portion 2\ 

20 (formula 5) 

No O COOH 
II II I 
-C-C- + HgO - (-CH-). + Ngt 

25 

Since the -COOK group generated by the e3q)osure contains active 
hydrogen, condensation (a dehydrochlorination reaction) was efEected in 
combination with -SiClSl groups. 

Then, by using CH3(CH2)i8!SiCl3 as a silane-based surfoctant containing 
30 linear hydrocarbon groups and Si (hereinafter, referred to as a chemisorption 

compoimd) and dissolving it in a nonaqueous solvent at a concentration of about 1 
wt %, a chemisorption solution was prepared. As the nonaqueous solvent, 
Afulude (manu£BLctured by Asahi Glass Ck)., Ltd., a fluorine-based solvent) solution 
was iised. Since this solvent is inactive with respect to a positive resist, it does 
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not injure the resist filTn even if the resist fil^ri is in contact with the soh^nt. The 

thus prepared solution was used as an adsorption solution, and the exposed 

substrate 4 was immersed in the adsorption solution in a diy atmosphere (a 

relative humidity of 30 % or less) for 5 minutes. Thereafter, the substrate was 

5 lifted fix)m the solution, and washed with a fluorine based nonaqueous solvent (e.g., 

Fluorinert PF5080 (3M product name)) (since this solvent is also inactive with 

respect to a positive resist, it does not injiue the resist film even if the resist film is 

in contact with the solvent.) Then, the exposed portion on the surface of the 

substrate contains a large number of -CJOOH (carbo3Qd groups) 5 (Figure 2, which 

10 is an enlarged view of portion Aof Figure 1), so that a delqrdrochlorination reaction 

was efEected between the SiCl groups of the substance containing hydrocarbon 

groups and chlorosilyl groiqps and the carbosQrl groiQ>s, thereby generating bonds 

represented by (formula 6) below selectively in the exposed portion. The line 

breadth and the pitch were 0.3 /xra. 

15 (formulae) ^~ 

I 

o- 

20 In the above-described treatment, a monomolecular chemisorption film 6 

containing hydrocarbon was formed in a thickness of about 25 A (2.5 run) 
selectively in the exposed portion by being chemically bonded via siloxane covalent 
bonds, and the treated portion became Upophihc. At this time, the linear carbon 
chains in the chemisorption film were aligned siibstantially perpendicular to the 

25 substrate (Figure 3, which is an enlarged view of portion A of Figure 1). The 
critical siurfeice energy of the chemisorption film was 20 roN/m. 

Then, two substrates in this state were set in such a manner that tiie 
chemisorption films were fiadng each other, so as to assemble a Uquid crystal cell 
having a 20 micron gap. Thereafter, nematic Uquid crystal CZLI4792 

30 manufactured by Merck & Co., Inc.) was injected. When the orientation state 
was observed, it was confirmed that the injected Uquid crystal molecules were 
aligned along the chemically adsorbed molecules and substantially perpendicular 
to the substrate. In other words, this monomolecular film exhibited a 
perpendicular alignment function for Uquid oystaL At this time, since no 
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monomolecular film was formed in an unexposed portion, liquid crystal was 
aligned not uniformly but at random. More spedfLcally, when the substrate 
provided with such an ali gnmA nt film was in contact with hqxiid crystal, as shown 
in Figure 4, the hquid crystal molecules 7 were partially inserted in the gaps of 
5 long carbon chains 8 of the monomolecular adsorption film. Thus, the orientation 
of the Uquid crystal was controUed as a whole. On the other hand, since such an 
alignment regulation force was not present in the portion provided with no 
monomolecular filTn, namely the unexposed portion, the hquid atystal molecules T 
were not aligned uniformly. 

10 In place of the sur&ctant that is a chemisorption compound, a pliu^ty of 

silane-based smrGsictants mixed in a predetermined ratio (e.g., two sur&ctants each 
having a different length of a linear carbon chain) were mixed so as to cause 
chemisorption at the same time. In this case, voids on the molecular level were 
genemted in the monomolecular film, and the hquid crystal molecules were 

15 aligned aloi^ the voids. Therefore, it was confirmed that the orientation an^e of 
the hquid crystal was controlled by changing the composition. More spedfically, 
when a silane-based surfactant having an arbitrary substituent at a part of its 
linear long carbon chain and a trichlorosilyl group at the other end was mixed with 
a sHane-based surfactant having an arbitrary substituent at a part of its short 

20 carbon chain and a trichlorosilyl group at the other end at a predetermined ratio 
so as to cause adsorption, it was possible to change the orientation characteristics. 

Furthermore, when a silane-based surfeictant containing polymeric 
groups, bonded to hqtdd crystal molecules similar to the hquid crystal to be 
incorporated, in a part of substituent (e.g., nematic hqxiid crystal portion) was 

25 mixed with a silane-based surfeictant containing short carbon c hains and 
polymeric groups at a predetermined ratio, so as to cause adsorption and 
polymerization, an ahgrmient filrri having excellent orientation characteristics 
especially with respect to specific hquid crystal to be injected was obtained. In 
particular, in the case where those molecules similar to the molecules of the hquid 

30 crystal be injected were of ferroelectric hquid crystal, when a silane-based 

surfactant having a ferroelectric hquid crystal portion was mixed with a silane- 
based surfactant having short carbon chains at a predetermined ratio so as to 
cause adsorption, a monomolecular adsorption and alignment film having an 
excellent response rate was formed. As the ferroelectric hquid aystal. 
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azomethine-bEused, azo>Q^-based or ester-based liquid crystal was iisable. 

A material for chemisorption is not limited to the silaae-based sur&ctant 
shown in Example 1, but any material can be used as long as it contains groups 
having a bonding property with respect to -OH groups (e.g„ chlorosilyl groups, 
5 isocyanate silyl groups, alkoigrsilyl groups or the hke). 

For example, even when a silane surfeictant CF3 —(CH^^ — C = C — (CHg)^ 
- SiCla (m: an integer of 0 to 8; n: an integer, most preferably of about 10 to 25) or 
CF3 - (CF2)p - (CHa)^ -C = C - (CH2)n - SiCla (p: an integer of 0 to 7; m: an integer 
of 0 to 4; and n: an inte ger of 1 to 8) containing F (fluorine) at a p art of the linear 

10 hydrocarbon chain was used, a monomolecular adsorption film having an 

alignment function was produced. In the case where CFg — (CJl^j^ — C = C — 
(CH2)n - Sidg was used, the critical sxirfece energy of the chemisorption film was 
15 mN/m. In the case where CF3 - (CF^^ - (CH^)^ -0 = 0- (CH^„ - SiCla was 
used, the critical surface enei^ of the chemisorption film was 8 mN/m. Thus, 

15 especially when F atoms were introduced, the surfeice enei^ of the alignme nt fihn 
became small, and the response characteristic of hquid crystal was improved. 
The critical surface energy in the portion (on the surface of the resin) provided 
with no chemisorption filrn (monomolecular film) was 25 mN/m. 

Any other resist (polymer films) or surfiictant (monomer films) than the 

20 novolak resist containing naphthoquinone diazido can be used, as long as it has 
functional groups that generate active hydrogen by irradiation of a variety of 
energy beams. 

For example, the monomer or the polymer represented by (formula 7) 
below containing (formula 3), or the monomer or the polymer represented by 
25 (formula 8) below containing (formula 4) can be used, 
(formula 7) 

-(CHg-CH) ^- (CH^-CH)^ 

C = 0 CgHg CgH^OH 

I I 

0-N = C 

' (where m and n are integers.) 
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(fbrmiila 8) 



- (CHg-CH) (CHg-CH) „ 

CgHg _ CgH^OH 

5 so, 

I ^ 
o 
I 

H-C-CHj 
I 

C = 0 

10 CH, (where m and n are integeis.) 

Herein, a decarboxylation reaction proceeds in the group represented by 
(fbrmtila 3) with ultraviolet rays, and a reaction with moisture in the air is efiEected, 
so that amino groups containing active hydrogen are generated, as shown in 
15 (formula 9) below, 
(fbrmtila 9) 

o , 

(-C-C-0-N=C) - (-C-) + COgt + (•N = C) 
II' * 

(-C~N = C) - (-C-NHg) 
I I I 

On the other hand, the group represented by (formula 4) is degraded by 

ultraviolet rays, and sulfonic groups containing active hydrogbn are generated, as 

25 shown in (formula 10) below. 

(formula 10) o 

HO ^ 

I II II 
.SOg-O-C-C-CHg - -SOgH + HgC^C-C-CHg 

30 CHg 

In the above example, CH3(CH2)i8SiCl3 was used as the hydrocarbon 
based surfoctant. However, other compounds as shown below were usable. 
CH3(CH2)nSiCl3 (n is an integer, preferably of 7 to 24) 
CH3(CH^p3i(CH3)2(CH2)qSia3 (p and q are integers, preferably of 0 to 10) 
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CH3COO(CH2)„Sia3 (m is an integer, preferably of 7 to 24) 

Furthermore, in place of the hydrocarbon based surfeictant, a carbon 
fluoride-based surfeictant, such as CF3(CF2)7(CH2)2Sia3, CF3CH20(CH2)i5SiCl3, 

CF3(CH2)2Si(CH3)2(CH2)i5SiCl3, F(CF2)4(CH2)2Si(CH3)2(CH2)9SiCl3, 

5 F(CF2)s(CH2)2Si(CH3)2(CH2)9Sia3, CF3COO(CH2)i5Sia3, CF3(CF2)5(CH^2Sia3 or 
the like, was usable. 
(Example 1-2) 

The same experiment as Example 1 was performed, except that 
CH3(CH2)i4SiCl3 and NCCCH^^SiCae, which contain a linear hydrocarbon groi^ 

10 comprising one functional groiq) for controlling the surfstoe energy of a film at the 
terminal and Si, were used as the silane-based sur&ctant after the exposure of the 
entire fisice (they were mixed at a mole ratio of 1:1). 

As a result of the reaction with the chlorosUane-based sxir&ictant, a 
monomolecular chemisorption film was formed selectively in the portion on the 

15 sur£sice of the siibstrate where hydroxyl groups have been generated by exposure. 
This monomolecular film was chemically bonded thereto via siloxane bonds in a 
thickness of about 1.5 nm. The critical sur&oe enei^ of the chemisorption film 
was about 27 mN/m. 

Fxirthermore, two substrates in this state were used so as to be set so that 

20 the chemisorption films were facing each other. Thus, a Uquid crystal cell having 
a 20 micron gap was assembled so that an anti-parallel orientation was obtained, 
and then nematic Uquid crystal (ZLI4792 manufetctured by Merck & Co., Inc.) was 
injected. When observing the orientation state in the portion where the 
monomolecular film was fi)rmed, the injected Uquid crystal molecules were aligned 

25 substantiaUy along the chemically adsorbed molecules at a pre-tilt an^e of 65 

with respect to the siibstrate in the direction opposite to the direction in which the 
substrate had been lifted from the washing solution (hereinafter, referred to as a 
lifting direction). 

At this time, when the composition of CH3(CH2)i4SiCl3 and NC(CH2)i4SiCl3 
30 was changed in the range of 1:0 to 0:1 (preferably 10:1 to 1:50), the critical surface 
energy was changed firom 20 mN/m to 29 roN/m, and the pre-tilt angle was able to 
be controlled arbitrarily in the range ftom 90 to 40 \ Fiuthermore, when a 
slurfactant containing fluorine as a chemisorption compound such as 
CF3(CF2)5(CH2)2SiC!l3 was added, the critical sur&ce energy was reduced to 15 



28 



mN/m. 
(Example 2) 

First, a positive resist 22 (e.g., AZ1400 manufactured by SHIPLEY ) 
mainly composed of a novolak resin and comprising a naphthoquinone diazido 
5 based photosensitizer containing the group represented by (formula 2) was appUed 
onto a surfeice of a glass substrate 21 provided with TFT arrays having pixel 
electrodes on their sur&ces to a thickness of 0. 1 to 0.2 /x m and dried so as to form 
a film. The critical surfece enei^ of the film was 28 mN/m. Next, using a 
photomask 23 for dividing each pixel (a polarizing plate or a diffraction gmting 

10 may be disposed on the mask for dividing the pixel for the purpose of improving 
the alignment property of the adsorption film), the positive resist was exposed to 
light of 435 mn at 100 mJ/cm^ (Figure 5). As aiesxilt, the resist reacted with 
moisture in the air in an exposed portion 22* so as to proceed the reaction 
represented by (formula 5). At this time, since -COOH group 25 generated by 

15 the exposure contains active hydrogen (Figure 6, which is a partially enlai^d 
view of portion B of Figure 5), a dehydrochlorination reaction was effected in 
combination with SiCl groups. 

Then, by mixing a nonaqueous solvent with a substance comprising 
hydrocarbon groups and chlorosilyl groups, for example, by dissolving 

20 CH3(CH2)i3SiCl3 inAfidude (manufectured by AsaM Glass Qd^^ 

based solvent) in a concentration of about 1 wt %, an adsorption solution was 
prepared. Then, the exposed siibstrate 24 was immersed in the adsorption 
solution in a dry atmosphere (a relative humidity of 30 % ot less) for 5 minutes. 

Thereafter, the substrate was lifted fit>m the solution, and washed with a 

25 fluorine based solvent (e.g.. Fluorinert PF5080 (3M product name)). Since the 

exposed portion on the svirfeice of the substrate contains a large nmnber of -COOH 
(carboxyl groups), a dehydrochlorination reaction was caused between the SiCl 
groups of the substance containing hydrocarbon groups and chlorosilyl groups and 
the carboxyl groups, thereby generating bonds represented by (formula 11) below 

30 selectively in the exposed portion. Thus, a chemisorption film 26 containing 

hydrocarbongroupswasformedina thickness of about 15 A (1,5 nm) selectively 
in the exposed portion through chemical bonds (Figure 7, which is a partially 
enlarged view of portion B of Figiure 5). The treated portion became water- 
repelling and oil-repelling. 
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(formula 11) ^ 

I 

CH3 (CHg) i3SiO- 

5 O- 

Furthermore, after an unexposed portion was entirely exposed (the 

exposure may be performed through a mask) (Figure 8), the substrate was 

immersed for 5 minutes in a second adsorption reagent, for example an adsorption 

solution prepared by dissolving CaEi3(CH2)^iCl3 and CHaSiCJla at a mole ratio of 1:5 

10 so as to have the same concentration as above. Thereafter; the substrate was 

hfted fix}m the solution, and washed with a fluorine based solvent (e.g., Fluorinert 
PF5080 (3M product name)). Then, since the secondly exposed portion on the 
sur&ce of the svibstrate contains a large nimiber of-COOH (carboxyl groups), a 
dehydrochlorination reaction was eflfected between the SiCl groups of 

15 CH3(CH2)9Sia3 and CHaSiQa and the carboxyl groups. Thus, a chemisorption 
film 27 containing hydrocarbon groups was formed in a thickness of about 10 A 
(1.0 nm) selectively in the exposed portion through chemical bonds (Figure 9). At 
this time, active groups were no longer present in the firstly adsorbed portion, and 
a monomolecular film was formed, so that the second adsorption was not effected 

20 at all. Thvis, the firstly exposed and adsorbed portion 26 and the portion 27 

having a different alignment direction were formed in one pixeL In the exposxire 
process, when a polarizing plate or a diffraction grating was disposed on the m ask, 
a monomolecvdar film having the adsorbed molecules aligned in stripes was 
formed selectively Furthermore, the critical sxir&oe energy of the 

25 monomolecular film at this time was 20 mN/m. 

Then, two substrates 28 were set so that the chemisorption films were 
facing each other, so as to assemble a Hquid crystal cell having a 20 micron gap . 
Thereafter, nematic hquid crystal CZLI4792 manufeictiured by Merck & Co., Inc.) 
was injected. When the orientation state was observed, it was confirmed that one 

30 pixel was constituted by a multi-domain having a portion where the injected hquid 
crystal molecules were aligned along the chemicafly adsorbed molecules and 
substantially perpendicidar to the substrate and a portion where the injected 
hquid crystal moleoiles were aligned obhqxiely with respect to the substrate. In 
order words, in this case, since the pixel portion was divided into two, an 
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alignment fil^" having two domains of different alignment directions of liquid 
crystal was produced. 

In order to increase the number of divisions, the e3q)osure and adsorption 
process using a mask is repeated a desired nxmiber of times. 
5 (Example 3) 

After exposure and before the process of chemisozption of the molecules 
comprising linear hydrocarbon groups in Ebcample 1, the substrate was immersed 
in an adsorption solution prepared by dissolving a compoxmd containing a 
plurality of chlorosilyl groups in a dry atmosphere. Then, a dehydrochlorination 

10 reaction was efiected between hydrosyl groups of the carbo^l groups gienerated on 
the sur&ioe of the resist and chlorosilyl groiq>s of the compoimds containing a 
plurality of chlorosilyl groups. Thereafter, when a reaction with water was 
allowed to be eftected, the remaining chlorosilyl g^Ol^)s changed to hydroxyl 
groups, so that a chemisorption film comprising a large nimiber of hydro^grl groups 

15 on its siur&ce was formed. 

For example, SiCl4 was xised as the silyl compoxmd containing a plurality 
of chloro groups, and dissolved in Fluorinert FC40 (3M product name) so as to 
prepare an adsorption solution. Then, the e^^osed substrate was immersed in 
the adsorption solution. As a result, since -COOH groups were formed in the 

20 exposed portion of the resist 32*, a dehydrochlorination reaction was effected on the 
siur&ce so as to form (formula 12) and/or (formula 13). Thus, chlorosilane 
molecules were fixed to the sur&ce of the substrate in a pattern via — SiO — bonds, 
(formula 12) 
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C 1 
I 

C 1 -S i 0~ 
I 

C 1 

(formula 13) 

C 1 

1 

C 1 i O- 
I 
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Thereafter, when the substrate was washed with a nonaqueous solvent, 
e.g., fluorinert FX3252 (3M product name), the SiCl^ molecules that had not 
reacted with the resist were removed, and further allowed to react with water. 
Then, a siloxane monomolecular adsorption film 33 represented by (formula 14) 
and (formula 15) was obtained on the surface (Figure 10). 
(formula 14) 

OH 
I 

HO-S i O- 
I 

OH 



(formula 15) 

OH 
I 

HO-S i O- 
I 

O- 

When the process of washing with a nonaqueous solvent, e.g., Fluorinert 
FX3252 (3M product name) was omitted, a polysiloxane chemisorption fihn was 
formed. 

20 Furthermore, since the thus obtained siloxane monomolecular film 33 

was firmly bonded to the resist via the chemical bonds of - SiO — it was not peeled 
oAl Furthermore, the obtained monomolecular film has a large nxunber of SiOH 
bonds on its sur&oe. The SiOH bonds were generated in a nvimber about twice or 
three times the original nvunber of -COOH groups. The treated portions in this 

25 state were highly hydrophilia Then, in this state, when the chemisorption 

process of the same substance comprising hydrocarbon groups as in Example 1 
was performed, a monomolecular chemisoiption film comprising hydrocarbon as 
shown in Figure 1 was formed in a thickness of about 25 A (2.5 nm) selectivefcr in 
the exposed portion by being chemically bonded tiiereto through oovalent bonds of 

30 siloxane via the siloxane monomolecular film. At this time, since the adsorption 
sites (OH groups in this case) on the siur&ice of the substrate were about twice or 
three times as many as that in Ebcample 1, the density of the adsorbed molecules 
was larger than that of Example 1. The treated portion became lipophilic. The 
molecules of the chemisorption filTn in this case, although having a different 
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density, were aligned substantially perpendicular to the substrate in the same 
manner as the molecules shown in Figure 3. 

Then, two substrates in this state were set so that the chemisorption films 
were feeing each other, so as to assemble a Uquid crystal cell having a 20 micron 
5 gap. Thereafter, nematic hquid crystal CZLI4792 manufiictured by Merck & Co,, 
Inc.) was injected. When the orientation state was observed, it was oonfimned 
that the injected Uquid crystal molecules were aligned along t±te chemically 
adsorbed molecules and substantially perpendicular to the substrate. In other 
words, this monomolecular film exhibited a perpendicular alignment function for 

10 liquidcrystaL At this time, Uquid aystal was not aligned imifo 
tmexposed portion. 

As the silyl compoimd containing a pluraUty of dJoro groxQ)s, compounds 
other than SiCli described above, such as Q - (SiCl20)2 - SiCSs, or SiHCOg, SiH^Cl^ 
or CI - (SiClaO)^ - SiClg (n is an integer), were usable. 

15 (Example 4) 

Next, a production process in actuaUy producing a Uquid crystal display 
device by using the Uquid crystal alignment film described above wiU be described 
with reference to Figure 11. 

First, the resin containing energy beam sensitive groups represented by 

20 (formula 2) was diluted to 5 wt % in ethylcellosolve acetate so as to prepare a 

sensitizing solution (e.g., a novolak based positive resist such as AZ1400 may be 
used) beforehand. As shown in Figure 11, a first substrate 43 includes first 
electrode arrays 41 moxmted in a matrix and transistor arrays 42 for driving the 
electrodes. A second siibstrate 46 includes color filter arrays 44 and second 

25 electrodes 45 opposed to the first electrode arrays. The prepared sensitizing 

solution was appUed onto the both electrodes on the first substrate and the second 
substrate by rotary-coating, so as to form a photosensitive resin film (a novolak 
based positive resist film) in the same manner as Example 1. Thereafter, heating 
was performed at lOOX: for 10 minutes so as to remove the solvent to some extent. 

30 Then, a difi&action grating of 1000 sUts / mm (a polarizing plate can be used) was 
used as a mask and arranged so that the grating was parallel to the electrode 
pattern. Then, light having a wavelength of 435 nm (g rays) (at 28mJ/cm^ afl»r 
passing througji the mask) was radiated at 500 W by using an extra-hi^ pressure 
mercury lamp fix>m the vertical direction for 5 seconds, so as to react 
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naphthoquinone diazide in the photosensitive novolak based positive resist. As a 
result, - COOH groups were generated in the exposed portion in proportion to the 
extent of the exposiire. Then, when the chemisorption process was performed in 
the same maimer as in Example 1, a liquid crystal alignment film 47 in which 
5 linear hydrocarbon groups are ahgned along the electrode pattern was produced- 
Next, the first and the second substrates 43 and 46 were positioned so that they 
were opposed to each other, and fixed with spacers 48 and an adhesive 49 with 
about a 5 micron gap. Thereaffcer, the TN liquid crystal 50 was injected between 
the first and the second substrates, and polarizing plates 51 and 52 were provided. 
10 Thus, a display device was completed 

Such a device was able to display images in the direction shown by arrow 
A by being entirely irradiated with backlight 53 and by driving each transistor 
with video signals. 
(Elxample 5) 

15 A glass substrate 61 (comprising a lai^ nxmiber of hydroxyl groups on its 

sur£ace) provided with transparent electrodes on its sur&ce was prepared and 
washed and siiffidently degreased beforehand. Next, by using sUane-based 
surfieictants containing linear hydrocarbon groups as carbon chains and Si 
(hereinafter, referred to as a chemisorption compoimd), CN(CH2)i4SiCl3 and 

20 CHgSiClg (mixed at a mole ratio of 1: 10), and dissolving them in a nonaqueous 

solvent in a concentration of about 1 wt %, a chemisorption solution was prepared. 
As the nonaqueoxis solvent, sufficiently dehydrated hexadecane was used. The 
thus prepared solution was used as an adsorption solution 62, and the siibstrate 
61 was immersed in (or coated with) the adsorption solution 62 in a dry 

25 atmosphere (a relative humidity of 30 % or less) for 50 minutes (Figure 12). 
Thereafter, the substrate was lifted fix)m the solution, and washed with 
sufficiently dehydrated n-hexane 63, which is a nonaqueous solvent. Then, the 
substrate was lifted from the washing solution while being tilted in a desired 
direction, the solution was drained oS, and the substrate was then exposed to the 

30 air containing moisture (Figure 13). Arrow 65 is a lifting direction. In the series 
of processes, a dehydrochlorination reaction was effected between SiCl groups of 
the chlorosilane-based sm^actant and hydroxyl groups of the surface of tiie 
svibstrate, thereby generating the bonds represented by (formulae 16 and 17). 
Furthermore, a reaction was effected with moisture in the air, thereby generating 
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tbs bonds represented by (fbrmulae 18 and 19). 
(formula 16) C 1 

N=C- (CHg ) Y substrate 

C I 

(formula 17) q j 

I 

C H„- S i - O - substrate 

^ I 
C 1 

10 (formula 18) I 

O 
I 

N=C- (CHg ) substrate 

O 
I 

15 (formula 19) 

I 

O 
I 

C H„- S i - O - substrate 
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By performing the above-described treatment, as a result of the reaction 
with the chlorosilane-based siirfactants, a monomolecular chemisorption fibn 64 
was formed in the portion on the sxurfeice of the substrate having hydrojgrl groiq)S. 
This monomolecular film was chemically bonded thereto via-siloxane covalent 

25 bonds in a thickness of about 1 nm. The linear carbon chains of CNCCH^uSi - in 
the chemisorption film were aligned at a tilt angle of 20** in a direction 
substantially opposite to a direction 65 in which the sxibstrate had been lifted fix)m 
the washing solution (Figure 14). In order words, the orientation of the adsorbed 
and fixed molecules were generally ahgned imiformly for the first aligimient. By 

30 changing the composition of CN(CH2)i4Sia3 and CHgSiQa in the range &om 1:0 to 
0:1 (preferably 10:1 to 1:50), the tilt angle was able to be controlled arbitrarily in 
the range fix)m 0*to 90' . In order to form a film selectively, the adsorption 
solution 62 can be printed on the siir&ce of the stibstrate 61 in a desired pattern 
with a printer. Furthermore, after the surfiaoe of the substrate is covered with a 
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resist selectively beforehand, the chemisorption process may be performed and the 
resist may be removed. In this case, since the chemically adsorbed film is not 
peeled oflFby an oi^anic solvent, a resist that can be dissolved and removed by an 
oi^anic solvent is used. 
5 (Example 6) 

The substrate obtained in Example 5 was used. A polarizing plate 
(HNP'B) 66 (manu&ctured by POLAROID) was disposed on the substrate so that 
the polarizing direction was substantially orthogonal to a lifting direction. Then, 
they were irradiated with light 67 of 365 nm 0. rays) by an extra-high pressure 

10 mercury lamp at 100 mJ/cm^. In order to align the orientations of the adsorbed 
molecules uniformly in one direction, it is necessary to deviate the polarizing 
direction by some degrees, preferably several degrees or more from 90 , rather 
than allowing the polarizing direction to intersect the lifting direction exactiy by 
90 (at the TnayiTninn^ the polarizu^ direction may be parallel to the direction in 

15 whidi the solution had been drained ofl^. If they intersect each other exactiy by 
90 , the molecules may be oriented in two directions (Figure 15). In Figure 15, 
arrow 73 denotes the polarizing direction. 

Thereafter, when the orientation of the linear carbon chains ia the 
monomolecular chemisorption film 64' was examined, the tilt angle remaiaed 

20 imchanged, but the orientation 68 was changed to a direction substantially 
orthogonal to the lifting direction. In addition, the non-imiformity of the 
orientation was alleviated compared with that at the first alignment (Figures 16 
and 17). In the Figure, reference nimaeral 69 denotes transparent electrodes. 

In order to change the orientation selectively, a process in which a desired 

25 mask was disposed on the polarizing plate and then exposure was performed was 
repeated a pluraUty of times. Thus, a monomolecular liqxiid crystal alignment 
film having different alignment directions in a pattern was produced easily. 

In this example, as a solvent containing no water for washing, a solvent 
containing an alkyl group such as a hydrocarbon based n-hexane was xised, but 

30 any other solvents can be used, as long as it contains no water and dissolves a 
surfectant. For example, in addition to that, a solvent containing a carbon 
fluoride group, a carbon chloride group or a siloxane group, such as Freon 113, 
chloroform, hexamethyldisiloxane or the like, was usable. 
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(Example 7) 

The same e3q)eriment as Example 5 was performed, except that 
CHaCCKyMSiClg and NC(CH2)i4SiCl3 comprising linear hydrocarbon groups having 
one functional group for controlling sur£BLce energy of a film at the terminal and Si 
5 were used as the silane-based siurfoctant (by beii^ mixed at a mole ratio of 1:1), 
As a restdt of the reaction with the chlorosilane-based surfoctant, a 
monomolecular chemisoiption film was formed selectively in the portion on the 
sm^&ce of tiie substrate where hydroxyl groups have been generated This 
monomolecular film was chemically bonded thereto via siloxane covalent bonds in 

10 a thickness of about 1.5 nm. The critical surfece enei®r of the diemisorption fiJm 
was about 27 mN/m. 

Furthermore, two substrates in this state were used and set so that the 
chemisorption films were fisicing each other. Thus, a liquid aystal cell having a 20 
micron gap was assembled so that an anti-parallel orientation was obtained, and 

15 then nematic liquid crystal (ZLI4792 manxifsictured by Merck & Co., Ina) was 
injected. When observing the orientation state in the portion where the 
monomolecular film was formed, the injected liquid crystal molecules were aligned 
substantially along the chemically adsorbed molecules with a pre-tilt angle of 
65 ' with respect to the substrate in the direction opposite to the direction in which 

20 the substrate had been lifted from the washing solution 

At this time, when the composition of CHgCCEyuSiClg and NC(CH2)i4SiCl3 
was changed in the range of 1:0 to 0:1 (preferably 10:1 to 1:50), the critical surfooe 
energy was changed fix)m 20 mN/m to 29 mN/m, and the pre-tilt angle was able to 
be controlled arbitrarily in the range firom 90"* to 40\ Furthermore, when a 

25 surfectant containing fluorine sudi as CF3(CF2)5(CH5^2SiCl3 was added as a 

chemisorption compovind, the critical sur&ce energy was reduced to 15 mN/m. 
(Example 8) 

Before the process of chemisorption of the surfeictant molecules 
comprising carbon chains and siloxane bond chains in Example 5, an adsorption 
30 solution was prepared by dissolving a compound containing a plurality of 

chlorosilyl groups, and the substrate was immersed in the adsorption solution in a 
dry atmosphere. Then, a dehydrochlorination reaction was effected between 
hydroxyl groups present on the siur&ce of the substrate and chlorosilyl groups of 
the compound containing a plxurality of chlorosilyl groups. Thereafter, a reaction 
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with water was allowed to be e£Eected and the re maining chlorosilyl groiq>s 
dianged to hydrcnqsrl groiq>s. so that a chemisorption film comprising a large 
nimiber of hydrojQrl groups on its surfiaoe was formed. 

For example, Si(\ was used as the silyl compoimd containing a plurality 
of chloro groups, and dissolved in n-octane so as to prepare an adsorption solution. 
Then, the substrate was immersed in the adsorption solution in a dry atmosphere. 
As a result, since -OH groups were present on the surfeice, a dehydrochlorination 
reaction was efEected at the interface so as to form (formula 20) and/or (formula 21). 
Thus, chlorosilane molecules 71 were fixed to the sur&ce of the substrate via - SiO 
—bonds. 

(formula 20) ^ ^ 

I 

C 1 — S 1 — O — substrate 



(formula 21) 



C 1 



C I 



Q[_Si— O — substrate 



O — substrate 

Thereafter, when the substrate was washed with a nonaqueous solvent 
such as chloroform, extra Sia4 molecules that had not reacted with the substrate 
were removed (Figure 18). When the substrate was taken out in the air so as to 
react with water, a siloxane monomolecular adsorption film 72 containing a laj^ 
nxmiber of SiO bonds represented by (formula 22) and/or (formula 23) was 
obtained on the surfooe (Figure 19). 
(formvda 22) q ^ 

I 

[|0 — S i — O — substrate 



(formula 23) 



OH 

OH 
I 

yO — S i — O — substrate 
I 

O — substrate 



38 



When the process of washing with a nonaqueous solvent such as 
chloroform was omitted, a polysiloxane chemisorption film was formed. 

Furthermore, since the thus obtained siloxane monomolecular film 72 
was firmly bonded to the substrate via the chemical bonds of — SiO — , it was not 
5 peeled oK Furthermore, the obtained monomolecular fiJm has a large number of 
SiOH bonds on its sur£eice. The SiOH bonds were generated in a number about 
twice or three times the original nxmiber of — OH groups. The treated portion in 
this state was highly hydrophilic Then, in this state, when the chemisorption 
process was performed by using the same sur&ctant as in Example 5, the same 

10 monomolecular chemisorption film comprisii^ carbon chains obtained as a resxilt 
of the reaction of the sur&ctant as in Figure 12 was formed in a thickness of about 
1 Tim by beiE^ chemically bonded through oovalent bonds of siloxane via the 
siloxane monomolecular film. At this time, since the adsorption sites (OH groups 
in this case) on the svirfsice of the substrate before the adsorption of the surfeictant 

15 were about twice or three tildes as many as that in Ebcample 5, the density of the 
adsorbed molecules was larger than that of Example 5. Furthermore, the treated 
portion became HpophiUc. The molecules of the chemisorption film in this case, 
although having a different molecular density, were aligned in the direction 
opposite to the lifbii^ direction, namely the direction in which the solution had 

20 been drained oK 

Next, two substrates in this state were used, and a polarizing plate was 
disposed on the svibstrate so that the polarizing direction was substantially 
orthogonal to the lifting direction. Then, they were irradiated with a RrF exdmer 
laser of 248 nm at 80 mJ/cm^. Thereafter, when the orientation of the linear 

25 carbon rhama in the monomolecular chemisorption film was examined, the tilt 
angle was 25 , which was sli^tly larger, and the orientation was changed to a 
direction stabstantially orthogonal to the liftii^ direction. In addition, non- 
uniformity of the orientation was alleviated. 

Then, two substrates in this state were set so that the chemisorption films 

30 were fadng each other, so as to assemble a hquid crystal cell having a 20 micron 
gap so that an anti-paraUel orientation was obtaiaed. Thereafter, nematic liquid 
crystal (ZLI4792 manufiactured by Merck & Co., Inc.) was injected. When the 
orientation state was observed, it was confirmed that the injected hquid crystal 
molecules were aUgned along the chemicalLy adsorbed molecules and subs t antially 
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at about 25 with respect to the substrate. 

As the silyl compound containing a plurality of chloro groups, compounds 
other than Sia4 described above, such as Q - (SiCl20)2 - SiQa, or SiHQa, SiHgCLj, 
or CI - (SiCl20)n - SiCla (n is an integer), were usable. 
5 (Example 9) 

Next, a production process in actually producing a Uqvdd crystal display 
device by using tiie above-described alignment film will be described with 
reference to Figure 20. 

First, as shown in Figure 20, a first sijbstrate 83 includes first electrode 

10 arrays 81 moimted in a matrix and transistor arrays 82 for driving the electrodes. 
A second substrate 86 includes color filter arrays 84 and second electrodes 85 
opposed to the first electrode arrays. A chemisorption solution was applied onto 
the first substrate and the second substrate by rotaiy-coating, so as to form a 
chemisorption film in the same manner as Example 5. Thereafi:er, a polarizii^ 

15 plate HNP'B (manufectured by POLAROID) was used and disposed so that the 
polarizing direction was parallel to the electrode pattern. Then, light having a 
wavelength of 365 nm (i rays) (at 3.6 mJ/cm^ • s after passing through the 
polarizing plate) was radiated at 500 W by using an extra-high pressure mercury 
lamp from the vertical direction for 20 seconds. Thus, a Kquid crystal alignment 

20 film 87 in which linear hydrocarbon groups were real^;ned along the electrode 

pattern was produced as in Ebcample 5. Next, the first and the second substrates 
83 and 86 were positioned so that the respective electrodes were opposed, and 
fixed with spacers 88 and an adhesive 89 with about a 5 micron gap. Thereafter, 
the TN liquid crystal 90 was injected between the first and the second substrates, 

25 and polarizing plates 91 and 92 were provided. Thus, a display device was 
completed. 

Such a device was able to display images to the direction shown by arrow 
A by being entirely irradiated with backhght 93 and by driving each transistor 
with video signals. 
30 (Example 10) 

In the Ught realignment process in Ebcample 9, when the process of 
disposing a patterned mask for dividing each pixel into foxu: sections in a 
checkerboard pattem on the polarizing plate for exposure was carried out twice, 
four sections each having a different alignment direction in a pattem were formed 
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in one pixel Thus, when tiie siibstrate provided with tins alig n ment film was 
used, the viewing angle of the liquid crystal display apparatus was significantly 
improved 
(Example 11) 

5 As a chemisorption compoimd, CHaCCHyigSiaa and CH3(CH2)3Sia3 were 

used (by being mixed at a mole ratio of 1:1), and dissolved in a nonaqueovis solvent 
in a concentration of about 1 wt% so as to prepare a chemisorption solution. As 
the nonaqueous solvent, sufficiently dehydrated hexadecane was used. The thxis 
prepared solution was used as an adsorption solution, and the substrate provided 

10 with electrodes was immersed in the adsorption solution in a dry atmosphere (a 
relative humidity of 30 % or less) for 1 hour in the same manner as in Example 5. 
Thereafter, the substrate was lifted from the solution, and washed with 
sufficiently dehydrated water-firee n-hexane, which was a nonaqueous solvent. 
Then, the substrate was lifted firbm the washing solution while beii^ tilted in a 

15 desired direction, the solution was drained oflt and the substrate was then ejq)Osed 
to the air containing moisture in the same manner as in Figure 13. 

Thereafter, FTIR was xised to examine and analyze the first alignment. 
The results are shown in Figures 21 and 22. As seen fix)m Figures 21 and 22, the 
absorption spectrum measured in a direction perpendicular to a lifting direction 

20 (Figure 21) has a different absorption pattern fit)m the absorption spectrum 

measxn^d in a direction parallel to a lifting direction (Figure 22). In Figure 21, 
the absorption intensity at 2930 cm'^ due to the asymmetric stretching vibration of 
CHgis twice the absorption intensity at 2857 cm"^ due to the symmetric stretching 
vibration of CH2, whereas in Figure 22, the absorption intensity at 2929 cm"^ due 

25 to the asymmetric stretching vibration of CHgis about 1.7 times the absorption 
intensity at 2859 cm^^ due to the symmetric stretching vibration of CHg. 
Fvirthermore, the absorption peak at 2930 cm"^ shifted to red, and the absorption 
peak at 2857 cm"^ shifted to blue. This indicates that the hydrocarbon chains of 
the adsorbed and fixed molecules are aligned in a direction parallel to the lifting 

30 direction, namely in the direction in which the solution had been drained oK 

Furthermore, two substrates in this state were used so as to be set so that 
the chemisorption films were facing each other. Thus, a hquid crystal cell having 
a 20 micron gap was assembled so that an anti-parallel orientation was obtained, 
and then nematic Uquid crystal (ZLI4792 manufactured by Merck & Co., Inc.) was 
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injected and a polarizing plate was used. When observing the orientation state, 
the injected liquid crystal molecules were aligned substantially in a direction in 
which the solution had been drained oS, namely the direction opposite to the 
direction in which the substrate had been lifted &om the washing solution. 
5 Furthermore, the cell was sandwiched between two polarizing plates combined 
imder crossed Nicole. Then, in the cases where a voltage of 20 volts was appHed 
and no voltage was appUed to electrodes, namely in the cases where the cell was 
on and ofi^ the transmittance was measured. As a result, a contrast of 358 was 
obtained. This indicates that the hftui^ alignment process alone provides an 

10 alignment prqperty of a practical leveL 

In Examples 6, 8, 9 and 10, lig^t of 365 nm which is i rays from an extra- 
high pressure mercury lamp or light of 248 nm obtainable fix>m a KrF exdmer 
laser was used as li^t for e?q)osure. Howevei; Hght of 436 run, 405 nm or 254 nm 
can be used, depending on the degree of absorption of l^ht by a film substance. 

15 In particular, hght of 248 nm or 254 nm provides a high ahgnment efiBiciency 
because it is absorbed by most substances readily 

Fturthermore, in the above-described example, as the silane-based 
surfactant comprising linear hydrocarbon groups or siLoxane bond chains and 
chlorosilyl groups, alkoxysQyl groups or isocyanate silyl groups, a chlorosilane- 

20 based surfectant comprising a cyano group on one end of its molecule and a 
chlorosilyl group at the other end, mixed with a chlorosilane-based surfeictant 
comprisii^ a methyl group and a chlorosilyl group, was used. In order words, 
two types of chlorosilane-based svirfiaictants having different molecvdar lengths 
were used by being mixed. However, the present invention is not limited thereto, 

25 and a chlorosilane-based surfactant comprising a halogen atom or a methyl group 
(-CH3), a phenyl group (-CgHg), a cyano group (-CN), or a carbon trifluoride group 
(-CFg) at the terminal of a hydrocarbon group, or a chlorosilane-based surfactant 
in which a carbon of a part of a hydrocarbon group in its molecule has an optical 
activity (in this case, in particular, the molecules were aligned efficiently), as 

30 shown below, was usable. 

Furthermore, a chlorosilane-based surfactant represented by 
Ha(CH2)nSiCl3 (Ha represents a halogen atom such as chlorine, bromine, iodine, 
fluorine, or the like, and n is an integer, preferably of 1 to 24) can be used. 
Moreover, the following oompoimds can be used. ^ 
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(1) CHj (CHj) „S iClj (n is an integer, preferably ofO to 24.) 

(2) CH3 (CH2) pS i (CHj) 2 (CH2) ,S i C 1, (p and q are integers, preferably of 0 to 10.) 

(3) CHgCOOCCHz) nSiCls (m is an integer, preferably of 7 to 24.) 

(4) CfiHg (CH2) „SiCl3 (n is an integer, preferably ofO to 24.) 
5 (5) CN (CHz) nSiClj (n is an integei; preferably ofO to 24.) 

(6) ClgSi (CH2) „S i Cl3(nisaninteger,preferabfyof3to24.) 

(7) CI3S i (CHjj) 2 (CF2) „ (CHjj) 2S i C l3(n is an integer, preferably of 1 to 10.) 

(8) B r (CHj) gS i CI3 

(9) CH3 (CHa) „S iCla 

10 (10) CH3 (CH2) 5S i (CH3) 2 (CH2) sS i CI 3 

(11) CH3COO (CH2) mS i C 1 3 

(12) CcHs (CH2) sS iCls 

(13) CN (CHa) x^S i C I3 

(14) C I3S 1 (CHj) sS iC I3 

15 (15) C I3S i (CH2) 2 (CF2) 4 (CH2) 2S i C I3 

(16) C I3S i (CH2) 2 (CFg) 6 (CH2) 2S i C I3 

(17) CF3CF3 (CF2) 7 (CH2) 2S i C I3 

(18) CF3CF3CH2O (CH2) 15S i (CH3) 2CI 

(19) CF3CF3 (CH2) 2S i (CH3) 2 (CH2) isS iC I3 

20 eo) F (CCF3 (CF2) 4 (CH2) 2S i (CH3) 2 (CH2) 9S iCla 

(21) F (CF2) 8 (CH2) 2S i (CH3) 2 (CH2) 9S i C I3 

(22) CF3COO (CH2) mS i CH3C I2 

(23) CF3 (CF2) 5 (CH2) 2S i C I3 

(24) CH3CH2CHC*H3CH20CO (CH2) loSiC^ 
25 (25) CHjCHjCHCrH,CH2pCXX:^0(XX;5H40((3i2)sSiCl3, 

wherein C* indicates an optically active carbon. 

Furthermore, the following compounds comprising a siloxane bond chain 
and a chlorosilyl group, or an alkoxysilyl group or an isocyanate silyl group were 
usable (in this case as well, a film having a high alignment was obtained). 
30 (26) ClSi(CH3)20Si(CH3)20Si(CH3)20Si(CH3)2a 

(27) Cl3SiOSi(CH3)20Si(CH3)20Si(CH3)20Si(CH3)20Sia3 

Furthermore, in addition to the chlorosilane-based sur&ctant, silane- 
based siu^ctants comprising an alko:^silyl group or an isocyanate silyl group as 
shown below were usable. 
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(28) Ha (CH2) qS i (OCH3) 3 (Ha lepiesents a halogen atom such as chlorine 
iodine, fluorine, or the like, and n is an integer, preferably of 1 to 24.) 

(29) CH3 (CH2) nS i (NCO) 3 (n is an integer, preferably ofO to 24.) 

(30) CH3 (CH2) pS i (CH3) 2 (CH2) ,S i (OCH3) 3 (p and q are integers, preferably 
5 of 0 to 10.) 

(31) HOOC(CH2)„,S i(OCH3)3 (m is an integer; preferably of 7to 24.) 

(32) H2N (CH2) „S i (OCH3) 3 (misaninteger,preferabfyof7to24.) 

(33) CgHg (CH2) „S i (NCO) 3 (nisanintegei;preferabfyof0to24.) 

(34) CN (CHg) „S i (OC2H5) 8 (nisaninteg!Br,preferabtyof0to24.) 
10 (Example 12) 

A ^ass substrate 101 (oompiisiiig a large number of hydrosg^l groiips on 
its sui&oe) provided with transparent electrodes on its sur&ce was prepared, and 
washed and su£&ciently degreased beforehand. Next, by using silane-based 
sur&ctants containing a linear hydrocarbon groiq) comprisiag a fimctional group 

15 for controlling the sur&ice energy of a film at the terminal and Si (hereinafter, 
referred to as a chemisorption compoxmd), CHgCCBywSiCJla and NC(CH2)i4SiCa3 
(mixed at a mole ratio of 1:1), and dissolving them in a nonaqueous solvent in a 
concentration of about 1 wt %, a chemisorption solution was prepared. As the 
nonaqueous solvent^ sufficiently dehydrated hexadecane was used. The thus 

20 prepared solution was vised as an adsorption solution 102, and the substrate 101 
was immersed in (or coated with) the adsorption solution 102 in a dry atmosphere 
(a relative humidity of 30 % or less) for about one hour (Figure 23). Thereafter, 
the substrate was lifted ficom the solution, and washed with sufl&dently 
dehydrated water-free n-hexane 103, which is a nonaqueous solution. Then, the 

25 substrate was lifted from the washing solution while beiog tilted in a desired 

direction, the solution was drained ofl^ and the substrate was then exposed to the 
air containing moisture (Figure 24). In the series of processes, a 
dehydrochlorination reaction was eflEected between SiCl groups of chlorosilane- 
based surfactant and hydro^l groups on the surfece of the substrate, thereby 

30 generating the bonds represented by (formulae 24 and 25). Furthermore, a 
reaction was effected with moisture in the air, thereby generating the bonds 
represented by (formulae 26 and 27). 
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(formula 24) 



HgC 



C 1 

(CHg) substrate 
C 1 



10 



15 



(formvda 25) 



(formula 26) 



(formula 27) 



C I 
I 

N=C- (CHg) S i -O- substrate 

C 1 



I 

O 
I 

(CHg ) 14" S i - O- substrate 
O 



H3C 



20 



25 



30 



O 
I 

N=C- (CHg) 14-S i -O 

O 



substrate 



By performing the above-described treatment, as a result of the reaction 
with the chlorosilane-based sur&ctants, a monomolecular chemisorption film 104 
was formed in the portion on ibe sui&oe of the substrate havjng hydro^l gro^^)s. 
This monomolecular film was chemically bonded thereto via oovalent bonds of 
sikxane in a thickness of abovit 1.5 nm. The critical siufooe energy of the 
chemisorption film at this time was about 27 mN^m 

Furthermore, two substrates in this state were used so as to be set so that 
the chemisorption films were fadi^ each other. Tbcas, a liqvdd aystal cell having 
a 20 micron gap was assembled so that an anti-parallel orientation was obtained, 
and then nematic Uquid crystal (ZLI4792 manufactured by Merck & Co., Inc.) was 
iiqected: When observing the orientation state, the injected liquid crystal 
molecules were aligned substantial^ along the chemically adsorbed molecules 
with a pre-tilt ai^^ of about 65* with respect to the siibstrate in the direction 
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opposite to the direction 105 in which the substrate had been lifted fix>m the 
washing solution (Figure 25). 

At this time, when the composition of CH3(CH2)i4Sia3 and NC(CH2)MSia3 
was changed in the range of 1:0 to 0:1 preferably 10:1 to 1:50), the critical sur&ioe 
5 energy was changed &om 20 mN/m to 29 mN/m, and the pre-tilt angle was able to 
be controlled arbitrarily in the range fix>m 90*to 40*. Furthermore, when a 
sur£actant containing fluorine as a chemisorption compoimd such as 
CF3(CF2)5(CH2)2SiCl3 was added, the critical sur&ce energy was reduced to 15 
mN/m. 

10 In order to form a film selectively, the adsorption solution 102 was able to 

be printed on the surfisice of the substrate 101 in a desired pattem with a printer. 
Furthermore, after the sur&ce of the substrate is covered with a resist selectively 
beforehand, the chemisorption process may be performed and the resist be 
removed. In this case, since the chemically adsorbed film is not peeled offby an 

15 organic solvent, a resist that can be dissolved and removed by an organic solvent is 
used. 

As described above, in this example, the silane-based sur&ctants that 
provide films each having a diBFerent critical surfiace energy and have the same 
carbon chain length as — (CHa)^— were used. However, when the surfeictants 

20 that have different carbon chain length (e.g., — (CK^^-; n is an integer of 1 to 30) 
were mixed and used, an alignment regulation force was fiirther enhanced. 

Next, two substrates in this state were used, and a polarizing plate 
(HNP'B) 106 (manufectinied by POLAROID) was disposed on the substrate so 
that the polarizing direction 113 was substantially orthogonal to a lifting direction 

25 105. Then, light 107 having a wavelength of 365 nm (i rajrs) (at 3.6 mW/cm^ after 
passing through the polarizing plate) was radiated at 500 W by using an extra- 
high pressure mercury lamp at 50mJ. 

At this time, in order to align the orientations of the adsorbed molecules 
uniformly in one direction, it is necessary to deviate the polarizing direction by 

30 some degrees, preferably several degrees or more fix)m 90 , rather than allowing 
the polarizing direction to intersect the lifting direction exactly by 90 . In this 
case, at the maximum, the polarizing direction 113 may be parallel to the direction 
in which the solution had been drained off If tiiey intersect each other exactly by 
90 , the molectiles may be oriented in two directions (F^igure 26). Thereafi^r, 
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.when the orientation of the linear carbon chains in the monomolecular 

chemisoiption film 104* was examined, the tilt angle and the critical sxir&oe 

energy remained unchanged, but the orientation 108 was changed to a direction 

substantially parallel to the polarizing direction 113- In addition, the non- 
5 imiformity of the orientation was alleviated compared with that at the first 

alignment (Figures 27 and 28). In the Figure, reference numeral 109 denotes 

transparent electrodes. 

In order to change the orientation selectively, a process in which a desired 

mask was disposed on the i>olarizing plate, and then e3g[>osure was performed was 
10 repeated a pluralily of times. Thus, a monomolecular liquid crystal alignment 

film having different alignment directions in a pattern was produced easily. 
In this example, as a solvent containing no water for washing, a 

hydrocarbon based n-hexane containing an aSkyl group was used, but any other 

solvent can be used, as long as it contains no water and dissolves a surfectant. 
15 Other examples include a solvent containing a carbon fluoride group, a carbon 

chloride group or a siloxane group, such as Freon 113, chloroform, 

hexamethyldisiloxane or the like. 

(Example 13) 

Before the process of chemisorption of the surfactant molecules 
20 comprising carbon chains and aloxane bond chains in Example 12, an adsorption 
solution was prepared by dissolving a compoimd containing a plvuahty of 
chlorosilyl groups, and the substrate was immersed in the adsorption solution in a 
dry atmosphere. Then, a dehydrochlorination reaction was eflEected between 
hydroxyl groups contained on the surfece of the substrate and the chlorosilyl 
25 groups of the compoimd containing a pluraUty of chlorosilyl groups. Thereafter, 
when a reaction with water was allowed to be effected, the remaining chlorosilyl 
groups changed to hydro^l groups, so that a chemisorption film comprisii^ a 
large number of hydroxyl groups on its siurfece was formed. 

For example, SiCl4 was used as the silyl compound containing a pliurahty 
30 of chloro groups, and dissolved in n-octane so as to prepare an adsorption solution. 
Then, the substrate was immersed in the adsorption solution in a dry atmosphere. 
As a result, since -OH groups were present on the siu:fece, a dehydrochlorination 
reaction was effected at the interfece so as to form (formula 28) and/or (formtda 29). 
Thus, chlorosilane molecules 111 were fixed to the sur&oe of the substrate via — 
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5 



10 



25 



SiO — bonds, 
(formula 28) 



(formula 29) 



C 1 
I 

CI— Si—0— substrate 

I 

c 1 



C 1 



CI— Si— O — substrate 
I 

O — substrate 

Thereafter, when the substrate was washed with a nonaqueous solvent 
such as chloroform, extra SiCl, molecules that had not reacted with the substrate 
were removed (F'igure 29). Furthermore, the substrate was taken out in the air 
15 so as to react with water. Then, a siloxane monomolecular adsorption film 112 
containing a large number of SiO bonds represented by (formula 30) and/or 
(formula 31) was obtained on the s\jrfe.ce (Pig^ure 30). 
(formula 30) 

OH 
I 

20 HO-Si-O - substrate 

I 

OH 

(formula 31) 



OH 
I 

H O — S i — O — substrate 
I 

O — substrate 



When the process of washing with a nonaqueous solvent such as 
chloroform was omitted, a polysiloxane chemisorption film (silica film) was formecL 
30 Furthermore, since the thus obtained siloxane monomolecular film 112 

was firmly bonded to the substrate via chemical bonds of — SiO — , it was not peeled 
oflEl Furthermore, the obtained monomolecular film has a large nimiber of SiOH 
bonds on its surface. The SiOH bonds were generated in a nxmiber about twice or 
three times the original number of — OH groups. The treated portion in this state 
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was highly hydrophilic. Then, in this state, when the chemisorption process was 
performed by using the same sur&ctant as in Example 12, the same 
monomolecxilar chemisorption film comprising carbon chains obtained as a result 
of the reaction of the sur&ctant as in Figure 23 was formed in a thickness of about 
5 1.5 mn by being chemically bonded through covalent bonds of siLoxane via the 
siloxane monomolecular film 112. At this time, since the adsorption sites (OH 
groups in this case) on the sur&ce of the substrate before adsorption were about 
twice or three times as many as that in Elxample 12, the density of the adsorbed 
molecules was higher than that of Ebcample 12. The treated portion became 

10 Upophilic. The molecules ofthe chemisorption film in this case, althoiighh^ 
a different molecular density, were aligned in the direction opi)Osite to the lifiing 
direction, namely the direction in which the solution had been drained ofL 

Next, a substrate in this state was used, and a polarizing plate was 
disposed on the siibstrate so that the polarizing direction was substantially 

15 orthogonal to the lifting direction. Then, a KrF exdmer laser of 248 mn was 
radiated at 80 mJ/cm^. Thereafter, when the orientation of the linear carbon 
chains in the monomolecular chemisorption film was examined, the tilt angle was 
87 " , which was slightly larger, and the orientation was changed to a direction 
substantially orthogonal to the lifting direction. In addition, non-uniformity of 

20 the orientation was alleviated The critical sxirfece energy at this time was 28 
mN/m. 

Then, two substrates in this state were set so that the chemisorption films 
were fedng each other, so as to assemble a hquid crystal cell having a 20 micron 
gap so that an anti-parallel orientation was obtained Thereafter; nematic Uquid 

25 crystal (ZLI4792 manufectured by Merck & CJo., Inc.) was injected. When the 
orientation state was observed, it was confirmed that the injected Uquid crystal 
molecules were aligned along the chemically adsorbed molecides and substantially 
at a pre-tilt angle of about 46° with respect to the substrate. 

As the silyl compotinds containing a plurality of chloro groups, compounds 

30 other than Sia4 such as Q - (SiCl20)2 - SiQa, or SiHag, SiH^Cl^, or Q - (SiCl^O)^ 
— SiClg (n is an integer) were iisable. 
(Example 14) 

In the case where ClSi(CH3)20Si(CH3)20Si(CH3)20Si(CH3)2a and 
CHaCCHywSiCla were mixed in the range from 1:0 to 0:land used as the 
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chemisorption substance in place of CH3(CH2),4SiCl3 and NC(CH3)2(CH2)i4SiCl3 in 
EiXample 12, the critical svii£ioe energy was controlled in the range from 35 mN/m 
to 21 mN/m in accordance with the mmnfr ratio. When a oeU was assembled and 
the same liquid crystal was injected, the pre-tilt ai^^ was controlled in the range 
5 firom5°to90\ 

Furthermore, when CaSi(CH3)20Si(CH3)20Si(CH3)20Si(CH3)2a 
comprising a linear siloxane bond chain was mixed with CH3(CH2)i4SiCl3 
comprising a linear hydrocarbon chain at a desired ratio so as to form a film, a 
monomolecular chemisorption filtn comprising the molecvdes represented by 
10 (formula 32) and (formula 33) below, depending on the mixing ratio, was obtained, 
(formula 32) 

CH, CH, CH„ CHg 
,3 ,3 ,3 ,3 

HO-S i-O-S i-O-S i-O-S i - substrate 

I I I I 

15 CH3 CH3 CH3 CH3 



(formula 33) 

I 

O 
I 

20 H3C- (CH2)j4-S i -O- substrate 

O 
I 

(Ebcample 15) 

In place ofCH^CH^j^d^ and lJ(XCSi^iCH^i^iCl^ in Example 12, 
25 HOOC(CH^u3i(OC3l3)s and Br(C^(^i(OC?Hs)3 were mixed in the range &om 1:0 
to 0:1 and used as the cfaemisoxption substance, and reflux was performed at 
100^3 for two hours during chemisorption. In tliis case, the critical surfooe 
enei^ was controlled in the raz^ from 56 mN/m to 31 mN/m in accordance with 
the mixing ratio. Furdiermore, when a cell was assembled and the same Hquid 
30 crystal was injected, the pre-tilt angle was controlled in the range from 0 " to 28 " . 
(Example 16) 

In place of C3H3(CH2)MSia3 and NCXCH3)2(CH2),4SiCa3 in Example 12, 
CHsCH2C*HCH3(3l2000(CHa),oSiCa3 (wherein C* is an asymmetric carbon) and 
CH^iCl were mixed in the range from 1:0 to 1:20 and used as the chemisorption 
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substanoe so as to produce the same alignment film. In this case, the eritical 
sur&ce energy was controlled in the range from 36 mNfm to 41 mN/m in 
accordance with the mixing ratio. Furthermore, when a cell was assembled and 
the same liquid crystal was injected, the pre-tilt angle was controlled in the range 
5 firomS' toO.l*. 
(Example 17) 

Next, a production process in actually producing a liquid aystal display 
device by using the above-described Uquid crystal alignment film will be described 
with reference to Figure 31. 

10 First, as shown in F^^ure 31, a first substrate 123 includes first electrode 

arrays 121 moimted in a matrix and transistor arrays 122 for driving the 
electrodes. A second substrate 126 includes color filter arrays 124 and second 
electrodesl25 opposed to the first electrode arrays. According to the same 
procedxires as in Ebcample 16, a prepared diemisorption solution was applied onto 

15 the first substrate and the second substrate so as to form a monomolecxdar 
chemisorption film having a critical sur&ce enei^ of 36 mN/m. 

Thereafter, a polarizing plate HNP'B (manufectured by POLAROID) was 
used and disposed so that the polarizing direction was parallel to the electrode 
pattern. Then, light having a wavelength of 365 nm (i rays) (at 3.6 m J/cm^ after 

20 passing thixtugh the polarizing plate) was radiated at 500 W by using an extra- 
high pressure mercury lamp from the vertical direction for 20 seconds. As a 
result, a hquid crystal alignment film 127 having a critical surftice energy of 37 
mN/m in which linear hydrocarbon groups were realigned along the electrode 
pattern was produced as in Example 16. Next, the first and the second 

25 substrates 123 and 126 were positioned so that the respective electrodes were 
opposed, and fixed with spacers 128 and an adhesive 129 with about a 5 micron 
gap. Thereafter, the TN hquid crystal 130 was injected between the first and the 
second substrates, and polarizing plates 131 and 132 were provided. Thus, a 
display device was completed. In this case, the pre-tilt angle of the injected liquid 

30 crystal was 3 degrees. 

Such a device was able to display images in the direction shown by arrow 
A by being entirely irradiated with backlight 133 and by driving each transistor 
with video signals. 
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(Example 18) 

In the light realignment process in Example 17, when the process of 
disposing a patterned mask for dividing each pixel into fotir sections in a 
checkerboard pattern on the polarizing plate for exposure was carried out twice, 
5 foiir sections having different alignment directions in a pattern were obtained in 
one pixel. Thus, when the substrate provided with this alignment film was used, 
the viewing angle of the liquid crystal display apparatus was significantly 
improved. 

In Examples 12 through 18, light of 365 nm, which is i rays, from an 

10 extra-high pressure mercury lamp or l^t of 248 nm obtainable fixjm a KrF 

exdmer laser was used as light for e?qx)sure. However, light of 436 nm, 405 nm 
or 254 nm can be used, depending on the degree of absorption of light by a film 
substance. In particular, light of 248 nm or 254 nm provides a hig^ alignment 
efficiency because it is absorbed by most substances readily 

15 Furthermore, in the above-described example, as the sUane-based 

surfactant comprising a Unear hydrocarbon group or a siloxane bond chain and a 
chlorosilyl group, or an alkoxysilyl group or an isocyanate sUyl group, a 
chlorosilane-based surfiactant comprising a cyano group on one end of its molecule 
and a chlorosilyl group at the other end was mixed with a chlorosilane-based 

20 sur&ctant comprising a methyl group and a chlorosilyl group. In order words, 

two types of chlorosilane surfeictants having different sxirfiace energies were mixed 
and used. However, the present invention is not limited thereto. By combining 
various sur&ctants having diflFerent stirfaoe energies, various alignment films 
having different sur&ce energies were produced. For example, a chlorosilane- 

25 based sur&ctant substituted with at least one organic group selected from the 
group consisting of a carbon trifluoride group (- CFg), a methyl group (- CH3), a 
vinyl group (- CH = CHg), an allyl group (- CH = CH-), an acetylene group (triple 
bonds of carbon - carbon), a phenyl group (- CgHg), an aryl group (- C6H4 -) , a 
halogen atom, an alkoxy group (- OR; R represents an alkyl group, especially 

30 preferably an alkyl group having one to three carbons), a cyano group (- CM), an 
amino group (- NHg), a hydroxyl group (- OH), a carbonyl group ( = CO), an ester 
group (- COO -) and a carboxyl group (- COOH ), or a hydrocarbon group having 
an optical activity at the terminal of its hydrocarbon group, as shown below, was 
usable. 
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Furdiermoie, a chlorosilane-based sur£actant represented by 
Ha(CH2)nSiCl3 (Ha represents a halogen atom such as chlorine, bromine, iodine, 
fluorine, or the like, and n is an integer, preferably of 1 to 24) can be used. 
Moreover, the following compounds can be used. 

(1) CH3 (CH2) „SiCl3 (n is an integer, preferably ofO to 24.) 

(2) CH3 (CH2) pS i (CH3) 2 (CH2) i C I3 (p and q are integers, preferably of 0 to 10.) 

(3) CH3COO(CH2) „SiCl3 (m is an integer, preferably of 7 to 24.) 

(4) CgHs (CH2) „S iCla (nisanintegei;preferabbrof0to24.) 

(5) CN (CH2) nSiClg (nisanintegei;preferabbrof0to24.) 

(6) ClgSi (CH2) i C I3 (nisanintegei;preferabbraf3to24.) 

(7) ClgSi (CH2) 2 (CF2) „ (CH2) aSiClg (nisanintegei;preferabferof 1 to 10.) 

Furthermore, in addition to the chlorosilane-based sur&ctant, silane- 
based stir&ctants comprising an alkooQ^yl group or an isoqyanate silyl group as 
shown below were usable. 

(8) Ha (CH2) „S i (OCH3) 3 (Ha represents a halogen atom such as chlorine, bromine, 
iodine, fluorine, or the like, and n is an integer, preferably of 1 to 24.) 

(9) CH3 (CH2) „S i (NCO) 3 (n is an integer, preferably ofO to 24.) 

(10) CH3 (CHjs) pS i (CH3) 2 (CH2) qS i (OCH3) 3 (p and q are integers, preferably 
ofOtolO.) 

(11) HOOC(CH2)n,S i(OCH3)3 (misanint^npreferably of 7to 24.) 

(12) H2N (CH2) o,S i (OCH3) 3 (mis an integer; preferably of7 to 24.) 

(13) CgHs (CH2) oS i (NCO) 3 (n is an integei; preferably ofO to 24.) 

(14) CN (CH2) nS i (OC2H5) 3 (n is an integer; preferably ofO to 24.) 

More specifically, the following compoimds can be usecL 

(1) Br(CH2)8Sia3 

(2) CH2=CH(CH2)i7Sia3 

(3) CH3(CH2)8-CO-(CH2)ioSia3 

(4) CH3(CH2)5-COO.(CH2)ioSiCl3 

(5) CH3(CH2)8-Si(CH3)2-(CH2)ioSia3 

(6) CH3(CH2)i7SiCl3 

(7) CH3(CH2)5Si(CH3)2(CH2)8SiCl3 

(8) CH3COO(CH2)i4SiCl3 

(9) C6H5(CH2)8Sia3 

(10) CNiCH^iSiClz 
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(11) a^i(CH2)83iCla 

(12) aSUPH^CFUCB^Ck 

(13) ClgSKCH2)2(CF2)6(CHj)2SiCa3 

(14) CF3CT'2(CF2)7(CH2)2SiCl3 

5 (15) (CF3)2CHO(CH2),5Si(CH3)2a 

(16) CF3CF2(CH2)23i(CH3)8(CH2)JSia3 

(17) CaFs(CF2)4(CH2)2Si(CH3)2(CH2)9Sia3 

(18) CFs(CF2)7(CH2)2Si(CH3)2(CH2)9SiCl3 

(19) CFiCOO(CH2)uSiCH3a2 
10 (20) CFs(CF2)B(CH2)sSia3 

(21) CH^aE]s(3ICrH^CHsOCXD(C2l2)ivSi(:7U((7 
carbon.) 

(22) (3l3CH2CHCrH3CH2C)C»C6El40COCyi4CKCH2)j3iCl8 

(23) a ooiiqx>und represented by (Cbrmula 34) below 
15 (formula 34) 

(24) a compound represented by (fbrmvila 36) below 
(formula 35) 

20 CHg (CHg) g-C=C-C = C- (CHg) jj,S i C I3 

Furthermore, the following compoimds comprising a siloxane bond chain 
and a chlorosilyl group, or an alko^Q^silane group or anisocyanate sflane group 
were usable. In this case as well, a film having a hi^ alignment was obtained. 
25 (25)ClSi(OT3)2C«i((3l3)20Si((ai3)20Si(aH3)^^ 

(26) a3SiOSi(CH3)pSi(Ce3)20Si(CH3)20Si(C^^ 
(Example 19) 

Hereinafter, a fourth Uquid crystal alignment film of the present invention 
wiU be described in detail with reference to the accompanying drawings. 
30 Figures 32 (a) to (d) are cross-sectional views showing a production 

process of a foiuth hquid crystal alignment film of the present invention. 
Hereinafter, the present example will be described aooordiag to Figures 32(a) to 
(d). 

First, 4' methacryloyloxy chalcone (4' MC) and glyddyl methacrylate 
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(GMA) were oopolymerized at a mole ratio of 1:4 so as to prepare a resin 
transparent in a visible Ught range as shown iti (formvila 1), where a 
photosensitive benzalacetophenone group and a thermocrosslinking gLyddyl 
group and methyl group were introduced as side chain groups (ie,, a resin having 
5 an enei^ beam sensitive group and a thermoreactive group) beforehand Then, 
the resin was diluted to 0.5% in cydohexanone so as to prepare a sensitizing 
solution. 

Next, the sensitizing solution was apphed directly (or indirect^ via a 
ingiilari Tig thin film such as SiOgor the like) to a predetermined portion on the 

10 siuiisice of a glass substrate 142 previously provided with transparent electrodes 
141 formed of ITO, as shown in Figure 32 (a), by using a dipping method (or a 
rolling coater or flexography). Thus, as shown in Figure 32 (b), a photosensitive 
and thermosetting film 143 was formed. 

Thereafter, the film was heated at lOtfC for 10 minutes so as to remove 

15 most of the solvent (the thickness at this time was about 300 run). Next, as 

shown in Figure 32 (c), a dif&raction grating 144 of 1000 slits / mm was used as a 
mask (a polarizLag plate can be used, where it is necessary to prolong an exposure 
time because the transmittance is poor) , and disposed so that it was parallel to the 
electrode pattern. Then, as energy beams, ultraviolet rays 145 having a 

20 wavelength of 365 mn (i rays) (at 28mJ/cm^ after passing through the mask) were 
radiated firom the vertical direction at 500 W by using an extra-high pressiue 
mercury lamp for 5 seconds, so as to react and crosslink the photosensitive 
benzalacetophenone gro\q>. As a result, convexities and concavities of about 30 to 
40 nm were formed on the surface of the film along the difl&raction gratii^ at a 

25 pitch of 1000 slits / mm. 

Figure 33 shows the spectral sensitivity characteristics of the 
photosensitive film. 

In this state, a liquid crystal cell was assembled with a 20 micron gap. 
Then, nematic Uqxud crystal (ZLI4792 manufeictxired by Merdc & Co., Inc.) was 

30 injected. When the orientation state was observed, it was confirmed that the 
Uquid crystal was ahgned in a direction orthogonal to the dififraction grating 
pattern. Ftirthermore, it was confirmed that the pre-tilt angle of the injected 
hquid crystal was controlled by the exposure amount. 

On the other hand, in the exposure process, after performing exposure for 
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3 seoonds by using the diffiraction gratings a oommerdally available polarizing 
. plate 146 for UV rays (HNPBmanufectured by TO 

a mask, and disposed so that the polarizing direction was perpendicular to the 
dijB&raction grating pattern and that the incidence angle was 45 with respect to 
5 the substrate. Then, as energy beams, ultraviolet rays having a wavelength of 
365 nm (i rays) (at 3 mJ/cm^ after passiag through the mask) was radiated at 500 
W by using an extra-high pressure mercury lamp for 40 seconds (Figure 32 (d)), so 
as to further react and crosslink the remaining unreacted energy beam sensitive 
groups. 

10 In this state, a liquid crystal cell was assembled, and nematic liquid 

crystal was injected. When the orientation state was observed, it was confirmed 
that the liquid crystal was aligned in the direction of the grating pattern, and that 
the pre-tilt angle was about 20 * . It was also confirmed in this second irradiation 
that it was possible to control the pre-tilt angle of the injected liquid crystal by 

15 changing the irradiation angle. The alignment films produced by the above- 
described two processes without no further treatment were usable as alignment 
films, but when a heat treatment was performed at about 150"^^, the alignment 
property of the alignment films deteriorated. 

Therefore, in order to further improve the thermal stability of the 

20 ahgmnent film^ the alignment filTn was heated at ISO^C for 10 minutes, so as to 
open and crosslink the thermoreactive glycidyl groups (i.e., thermosettii^ groups). 
In this state, a liqmd crystal cell was assembled, and nematic liquid crystal was 
injected- When the orientation state was observed, it was confirmed that the 
liquid crj^stal was aligned in a direction perpendicular to the gratii^ pattern, and 

25 that the pre-tilt angle was about 7 ' . Furthermore, the thermal stability of the 
alignment film was improved to llOX^. 

The reaction by exposure of the photosensitive and thermosetting film 
and the reactiori by heating are both crosslinking reactions, as shown by (formvila 
36) below. 
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(fbimula 36) 
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Furthermoie, a substance containing no hydrocarbon group CH3) was 
synthesized and the same experiment was performed. As a result, the alignment 
controllability, especially the control stability of the pre-tilt angle, of the Uquid 
crystal was worse than one containing - CH3. 
5 As described above, for the film in this example, the energy beam 

sensitive group was a photosensitive group, and light was radiated through a 
mask to react the photosensitive groups in the film so as not only to crosslink the 
principal chains but also to fix and align side chain groups. Furthermore, since 
the film was sensitive to i rays (see Figure 33), it was possible to use an ordinary 

10 exposure apparatus, thereby simplifying the production process of the liquid 
crystal alignment film. 

Furthermore, when the resin film is exposed to light throu^ a polarizing 
film and a difEraction grating as a mask, a liquid crystal alignment film having 
striped convexities and concavities was produced on the sur&ce of the film easily. 

15 At this time, by dianging Ught exposure, or by performing exposure 

obhquely through a polarizing film and a diffraction grating, or by performing 
exposure obhquely through a polarizing film and then performing e5q)0svire 
through a dififraction grating, or by performing exposure through a diffraction 
grating and then performing exposure obliquely through a polarizing film, the pre- 

20 tilt angle of interposed Uquid crystal was controlled Thus, a liquid crystal 

alignment film having a stable ahgnment property was produced. In order to 
stabilize the pre-tilt angle by one exposvire, it was important to expose the 
photosensitive film to hght to an extent that predetermined convexities and 
concavities are generated on the surfeice thereo£ 

25 Furthermore, when heat is apphed so as to react thermoreactive groups 

before or after radiating energy beams so as to react and crosslink the energy 
beam sensitive groups, the heat resistance of the alignment of the alignment film 
was improved. Electron beams, X rays, or idtraviolet mys are usable as the 
energy beams, but ultraviolet rays provided a higher practicabihty in an actual 

30 production process. 

As described above, a resin film transparent in a visible Ught range and 
having energy beam sensitive groups and thermoreactive groups was formed 
directly on electrodes or indirectly via an arbitrary thin film, and a rubbing fi»e 
Uquid crystal alignment AItt^ formed of a film obtained by at least reacting the 
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energy beam sensitive groups was prtxiuoed by a remarkably simple method. 
(Example 20) 

Next, a liquid crystal display device usii^ the above-described alignment 
filiTi and a production method thereof will be described in detail with reference to 
5 Figure 34, 

First, a resin transparent in a visible light range and having energy beam 
sensitive groups and thermoreactive groups as represented by (formula 1) was 
diluted in cydohexanone to 0.5% so as to prepare a sensitizing solution beforehand. 
Then, as shown in Figure 34, a first substrate 153 includes first electrode arraj^ 

10 151 moxmted in a inatrixand'traiisistor arrays 152 for drivirig thee A 
second substrate 156 includes color filter arrays 154 and second electrodes 155 
opposed to the first electrode arrajrs. The sensitizing solution was appUed onto 
the first substrate and the second substrate by a dipping method, so as to form a 
photosensitive and thermosetting resin film. 

15 Thereafter, the film was heated at lOO'C for 10 minutes so as to remove 

the solvent to some extent. Then, using a diffraction grating of 1000 slits per mm 
as a mask, and disposing the grating parallel to the electrode pattern, ultraviolet 
rays having a wavelength of 365 nm (i rays) (at 28 mJ/cm^ after passir^ through 
the mask) was radiated at 500 W by using an extra-high pressxire mercury lamp 

20 from the vertical direction for 5 seconds, so as to react and crosslink 

benzalacetophenone groups, which are the energy beam sensitive groups. Then, 
a Uquid crystal alignment film 157 provided with concavities and convexities of 
about 30 to 40 r\m was produced. 

Next, the first and the second substrates 153 and 156 were positioned so 

25 that they were opposed to each other, and fixed with spacers 158 and an adhesive 
159 with about a 5 micron gap. Thereafter, the liquid crystal 160 was injected 
between the first and the second substrates, and polarizing plates 161 and 162 
were provided. Thus, a display device was completed. Such a device was able 
to display images in the direction shown by arrow A by being entirely irradiated 

30 with baddight 163 and by driving each transistor with video signals. 

Industrial Applicabilitv 

As described above, the first Uqxiid crystal alignment film of the present 
invention has an effect of producing a uniform and thin alignment film in a desired 



59 



pattern efiB^dently without performing rubbing. 

Furthermore, in producing the liquid crystal alignment fihn, by repeating 
the process using the method of chemically adsorbing a silane sur&ctant to the 
sur&ces of the electrodes along the exposxire pattern to form one layer of a 
5 monomolecular film several times, a Hquid ciystal aUgnment film having a multi- 
domain where a plurality of orientations are present in each pixel can be produced 
easily. 

Furthermore, the xise of such a hquid crystal aUgimient film eliminates a 
chance of genemting defects as generated in a conventional rubbing process, and 

10 provides a Uquid crystal di^lay apparatus having a remarkably high yield, a low 
cost and high reliabihty and being capable of displaying at a wide viewing angle. 

Furthermore, a specific Uquid crystal, for example nematic Uquid crystal 
or ferroelectric Uqtiid crystal, can be incorporated into the bonds in the alignme nt 
film formed by adsorption, so that it provides an excellent aUgnment 

15 controllability. 

As described above, the second Uquid crystal aUgnment film of the present 
invention has an effect of efi&dently and rationaUy produdng an aUgnment film 
having a fimction of controlUng the pre-tilt angle of Uquid crystal and aUgning 
Uquid crystal in an arbitrary direction by controlling the critical surfeice energy of 

20 the aUgnment film without using rubbing as conventionaUy performed. 

Furthermore, the method for producing the Uquid crystal aUgnment fiUn 
of the present invention efl&dentiy provides an alignment film having an exoeUent 
adhesion strength where the molecules constituting the film are aligned imiformly 
in a specific direction and bonded to the surfiioe of the substrate at one end. 

25 Furthermore, at the time of produdng the Uquid crystal aUgnment fihn, if 

the process of exposure through a patterned mask disposed on a polarizing plate is 
performed a pluraUty of times, a pluraUty of portions each having a different 
patterned orientation can be formed on one fece of the aUgnment film. This 
makes it possible to easily produce a Uquid crystal display apparatus having a 

30 multi-domain where a pluraUty of orientations are present in each pixel, which 
was difficult with conventional rubbing. 

Furthermore, the use of such a Uquid crystal aUgimaent film eliminates a 
chance of generating defects as generated in a conventional rubbing process, and 
provides a Uquid crystal display apparatus having a remarkably high yield, a low 
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cost and high reliability and being capable of displaying at a wide viewing ai^e. 

Furthermore, a specific liquid crystal, for example nematic liquid crystal 
or ferroelectric liqiiid crystal, can be incorporated into the bonds in the alignme nt 
filrii formed by adsorption, so that it provides an excellent alignment 
5 controllability. 

As described above, the third liquid crystal aligimient film of the present 
invention has an efiEect of efl&ciently producing a uniform and thin alignment film 
having a function of controlling the pre-tilt angle of liqxiid crsrstal and alignin g 
Uquid crystal in an arbitrary direction without usii^ rubbing as conventionally 
10 performed 

Furthermore, at the time of producing the liqxiid crystal al i gnm ent film, if 
the process of exposure through a patterned mask disposed on a p ol a rizin g plate is 
performed a plurality of times, a plurality of portions, each having a dififerent 
patterned orientation, can be formed on one feice of the alignment film. This 
15 makes it possible to efficiently produce a liquid crystal display apparatus having a 
multi-domain where a plxurality of orientations are present in each pixel, which 
was difficult with conventional rubbing. 

Furthermore, the use of such a Uquid crystal alignment film e limin ates a 
chance of generating defects as generated in a conventional rubbing process, and 
20 provides a desired pre-tUt angle and a liquid crystal display apparatxis having a 
remarkably high yield, a low cost and high reliabihty and being capable of 
displaying at a wide viewing an^e. 

Furthermore, liquid crystal having a specific surfiace energy, for example 
nematic hquid crystal or ferroelectric Uquid aystal, can be incorporated into the 
25 bonds in the alignment film formed by adsorption. Therefore, it is possible to 
efficiently produce an alignment filTn having not only the controUabiUty of the 
orientation and the tilt angle, but also an excellent aUgnment regulation force. 

As described above, the fourth Uquid crystal aUgnment fihn of the present 
invention has an effect of producing a uniform and thin alignment film in a short 
30 time efficiently without performing conventional rubbing. 

Furthermore, the use of such a Uquid crystal aUgnment film provides a 
Uqmd crystal display apparatus having a remarkably high yield, a low cost and 
h^h reliabiUty without performing conventional rubbing. 
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